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ABSTRACT
N a t u r a l l y  cooled p o t ted  l i l i e s  are o f  b e t t e r  q u a l i t y  than p la n t s  
from precoo led  bu lb s .  In an a t te m p t  to  de te rm ine  why, s t u d ie s  were 
conducted to  a s c e r t a i n  d i f f e r e n c e s  in dry m a t te r  as t h i s  was assumed to  
be a c r i t e r i o n  o f  rese rv e  food which p rov ides  p o t e n t i a l s  f o r  b e t t e r  
q u a l i  t y .
Two v a r i e t i e s  o f  L i l i u m  l o n q i f l o r u m . Thunb. were used, Ace and 
G e o rg ia .  T reatm ents  were n a t u r a l l y  cooled and r e f r i g e r a t e d  (31—33 
degrees F a h r e n h e i t )  from r e c e i p t  o f  bulbs to  about  January 1. G eorg ia  
bulbs a r r i v e d  about  September 1; Ace bulbs about  November 1. Bulb and 
pot s i z e s  were c o n v e n t io n a l .  The e x p e r im e n ta l  des ign a l lo w e d  a p p l i c a ­
t i o n  o f  s t a t i s t i c s .  The s t u d ie s  were conducted f o r  two seasons, 1962-  
63 and 1963-6^ .
S u f f i c i e n t  p l a n t s  were used f o r  sampl ing and f o r  comparisons be­
tween t re a tm e n ts  o f  mature p l a n t s .  Sampling began w i t h  t re a tm e n ts  and 
co n t in u ed  through f l o r a l  i n i t i a t i o n .  T o t a l  d ry  w e ig h ts  and per cent  
s o lu b le  s o l i d s  were o b t a in e d .  In f r e q u e n t  samples p rov ided  in fo rm a t io n  
on p l a n t  co m p o s i t io n ,  in c lu d in g  c a r b o h y d r a te s ,  sugars ,  s t a r c h e s ,  
n i t r o g e n ,  p r o t e i n s  and r e s id u e .
The p o t ted  n a t u r a l l y  coo led p la n t s  were moved to  a greenhouse about  
January I .  R e f r i g e r a t e d  bulbs were p o t te d  on t h i s  d a te  and p laced in 
the same greenhouse. N ig h t  tem pera ture  was a p p ro x im a te ly  60 degrees  
F a h r e n h e i t .  F o r c in g  was cont inuous to  f l o w e r i n g .
Dur ing  n a t u r a l  c o o l i n g ,  p l a n t s  o f  the G eorg ia  v a r i e t y  produced
i x
massive r o o t  systems w i t h  compact stems o f  r o s e t t e d  le a v e s .  Dry m a t t e r  
decreased u n t i l  leaves emerged. The per  cen t  s o lu b le  s o l i d s  p a r a l l e l e d  
t h i s  d ec re ase .  Dry w e ig h t ,  d o u b t less  due to  p h o to s yn th es is  o f  the com­
p a r a t i v e l y  la rg e  l e a f  s u r f a c e ,  then began to  inc rease  and reached a 
maximum a t  f l o r a l  i n i t i a t i o n  (January  2*+, 1963 and January 20 ,  196*+).
Per cen t  s o lu b le  s o l i d s  remained s t a b l e  d u r in g  t h i s  p e r io d  and was 
about  equal  in stems and bulbs but  less in r o o t s .  At  f l o r a l  i n i t i a ­
t i o n ,  b u lb s ,  stems and roo ts  c o n t r i b u t e d  e q u a l l y  to  dry  m a t t e r .
A f t e r  dormant r e f r i g e r a t e d  Georg ia  bu lbs  were p l a n t e d ,  ro o t  and 
stem growth began, bu t  f o l i a g e  was not  e x t e n s iv e  enough f o r  much 
p h o to s y n th e s is  u n t i l  a f t e r  f l o r a l  i n i t i a t i o n  (F eb ru ary  22 ,  1963 and 
Feb ru ary  17, 196*+).
Dry m a t t e r  was s t a b l e  u n t i l  p l a n t i n g  and then decreased u n t i l  
d e t e r m in a t io n s  were stopped a t  the t ime o f  f l o r a l  i n i t i a t i o n .  The 
bulbs p ro v id ed  most o f  the dry m a t t e r .  Per c en t  s o lu b le  s o l i d s  doubled  
d u r in g  s to rag e  and reached an app aren t  e q u i l i b r i u m  w i t h  i n s o l u b l e  s o l i d s .  
I t  remained s t a b l e  u n t i l  p l a n t i n g ,  then decreased in p a r a l l e l  to  dry  
m a t t e r .
N a t u r a l l y  coo led  Ace p la n t s  re a c te d  s i m i l a r l y  to  r e f r i g e r a t e d  
p l a n t s  in changes o f  d ry  m a t t e r  and per  cen t  s o lu b le  s o l i d s  up to  
f o r c i n g  t im e .  Both re a c te d  s i m i l a r l y  to  the  r e f r i g e r a t e d  G eorg ia  
v a r i e t y .  A f t e r  f o r c i n g ,  dry m a t te r  was g r e a t e r  than in r e f r i g e r a t e d  
p l a n t s .  F l o r a l  i n i t i a t i o n  occurred  February  15 f o r  both t r e a tm e n ts .
The increased  dry  w e ig h ts  o f  n a t u r a l l y  coo led p l a n t s  were as­
s o c ia t e d  w i t h  improved q u a l i t y .  Bloom number was dou b le ,  though 
f lo w e r s  were s m a l le r  in d i a m e t e r ,  and h e i g h t  was less w i t h  more f o l i a g e  
than w i t h  r e f r i g e r a t e d  p l a n t s .
Th is  a s s o c i a t i o n  e x i s t e d  o n ly  when the two t re a tm e n ts  w i t h i n  a 
v a r i e t y  and ye a r  were compared. A l though  d ry  m a t t e r  o f  Ace was tw ice  
t h a t  o f  G e o rg ia ,  bloom number was o n ly  o n e - h a l f .  I t  was s i m i l a r  f o r  one 
t re a tm e n t  o f  a v a r i e t y  compared by y e a r s .
The reasons f o r  s i m i l a r i t i e s  and d i f f e r e n c e s  between v a r i e t i e s  and 
y ears  cannot  be e x p la i n e d  as y e t .  There  may be no d i r e c t  r e l a t i o n  be­
tween dry m a t te r  and c h a r a c t e r i s t i c s  o f  q u a l i t y .  There  may be a s t a r c h  
d i g e s t i o n - t r a n s l o c a t i o n  problem a s s o c ia te d  w i t h  p reco o le d  b u lb s .  The 
v a r i a t i o n  in r e l a t i o n s h i p  o f  t o t a l  dry  m a t t e r  to  b e t t e r  q u a l i t y  i n d i ­
ca tes  a need f o r  a d d i t i o n a l  s t u d ie s  t o  e x p l a i n  the  s u p e r i o r i t y  o f  the  
use o f  n a t u r a l l y  coo led b u lb s .
INTRODUCTION
From the dawn o f  c i v i l i z a t i o n ,  l i l i e s  appear to  have been a ss o c ia te d  
w i t h  man. They were an e a s i l y  a v a i l a b l e  source o f  food and a conspicuous  
one by v i r t u e  o f  b r i l l i a n t l y  co lo red  f lo w e r s .  A p p a r e n t ly ,  as man s e t t l e d  
down long enough to  garden,  he cher ished  l i l i e s .  To some o f  them, he 
a scr ibed  m edic ina l  p r o p e r t i e s ,  and i t  may be assumed t h a t  i t  was f o r  
t h i s  reason,  as w e l l  as f o r  food ,  t h a t  he c u l t i v a t e d  the l i l y .  At  the  
same t im e ,  even in those e a r l y  c i v i l i z a t i o n s ,  l i l i e s  had an a e s t h e t i c  
a p p e a l ,  s ince  p i c t u r e s  o f  the l i l y  are  on Cretan p o t t e r y  made some 2 ,0 0 0  
years  b e fo re  C h r i s t .  In a d d i t i o n ,  e a r l y  Egypt ian  r e l i e f s  show women 
g a th e r in g  l i l i e s ,  and a l i l y  bulb was found in a mummy case,  doubt less  
placed th e re  to  p rov ide  nourishment,  beauty  or  both f o r  the depar ted  on 
" h is  long jo u r n e y "  (7 ,  3 5 ) .
The l i l y  was t ra n s p o r te d  from Greece to  Rome where a balm was made 
from i t  t o  t r e a t  wounds, and the sap was used as a s k i n - c l e a n s i n g  p re ­
p a r a t i o n .  At the beg inn ing  of  the C h r i s t i a n  e r a ,  the l i l y  became a 
symbol o f  p u r i t y  and importan t  in r e l i g i o n .  The pure w h i te  o f  the f lo w e r  
and the green o f  the f o l i a g e  s i g n i f y  i m m o r t a l i t y .  The s t a t e l y  and d i g n i ­
f i e d  f lo w e r  has been a s s o c ia te d  w i t h  Jesus and Mary. At  E a s t e r ,  i t s  
b r i l l i a n t  and f r a g r a n t  blossoms symbolize the rad iance o f  the Lord 's  
r is e n  l i f e .  I t  is an o ld  and t r a d i t i o n a l  symbol o f  innocence, p u r i t y  
and v i r g i n i t y  (16 ,  4 8 ) .
Th is  t r a d i t i o n  o f  the E a s te r  l i l y  dates back to  p r e - C h r i s t  or  pagan 
t im e s .  The j o y  over  the appearance o f  new p la n t s  and f lo w e r s  in spr ing
2prompted pag«n man to a t t r i b u t e  to  them a spec ia l  power of  p r o t e c t io n  and 
h e a l in g .  From t h is  stems our use o f  Easte r  l i l i e s  today (7> 16, 4 8 ) .
Taxonomy -  The name l i l y  is sa id  to come from the C e l t i c  word L i ,  
meaning w hiteness ,  a l though i t s  present  form is an a d a p ta t io n  of  a 
L a t in  name. The genus L i l iu m  belongs to the L i l i a c e a e  f a m i ly  which is 
comprised of  more than two hundred genera w i t h  about 2 ,500  species.
Among them are asparagus, on ion ,  hyac in th  and yucca (41 ,  4 9 ) .
A number o f  p la n ts  are c a l l e d  l i l y  but do not belong to the genus 
L i l iu m  such as d a y l i l y ,  c a l l a  l i l y  and w ater  l i l y .  True l i l i e s  of the 
genus can be d is t in g u is h e d  by the d e s c r ip t i o n  provided by B a i le y :  
" p e r e n n i a l ,  e r e c t ,  leafy-stemmed herbs,  w i t h  underground sca ly  bulbs -  
f low ers  pendulous, in c l in e d ,  h o r i z o n t a l  or  e r e c t ,  s o l i t a r y  or c lu s t e r e d ,  
w i t h  s ix  separate  segments, which are s c a rc e ly  d i f f e r e n t i a t e d  as be­
tween s e p a l - l i k e  and p e t a l - l i k e  organs, each bear ing  a nec tar  groove 
or  furrow a t  the base; s i x  stamens, hypogynous or s l i g h t l y  adherent  to  
the p e r i a n t h ,  most ly s h o r te r  than the segments, the anthers  v e r s a t i l e ,  
f i l a m e n t s  very s lender;  p i s t i l  one w i th  long s t y l e  and th re e - lo b e d  
st igma; f r u i t  a d ry ,  i o c u l i c i d a l ,  many-seeded capsule"  ( 1 ) .
S c i e n t i s t s  d isagree  as to the exact  number of  species ,  but there  
are  approx im ate ly  87 l i s t e d  in modern l i t e r a t u r e .  The genus L i l iu m  is 
d iv id e d  in to  four  c lasses based upon f lo w er  shape. The Easte r  l i l y  
belongs to the L e n c o l i r io n  c lass  which con ta ins  21 species .  Th is  c lass  
is f u r t h e r  d iv id e d  in to  sec t ions  on the bas is  o f  o r i g i n  -  European,  
American or A s i a t i c  (7 ,  35,  41 ,  4 9 ) .
Li 1 ium long i f l o r u m . Thunb. conta ins  a la rge  number o f  h o r t i ­
c u l t u r a l  v a r i e t i e s .  These inc lude Eximium ( H a r r i s i i ) ,  Formosum, 
Giganteum, White Queen, C reo le ,  F l o r i d i i ,  E s ta t e ,  Georg ia ,  C ro f t  and
3Ace. The l a t t e r  three  are now the most important commercia l ly .  A l l  
have w h i t e ,  f r a g r a n t  blooms but vary in he igh t  and type o f  f o l i a g e  (35,  
4 1 ) .
Most of  these v a r i e t i e s ,  i f  not a l l ,  are seed l ing  s e le c t io n s  of  
L i 1iurn 1o n g i f Io ru m . Thunb. propagated more or  less as c ions .  A f t e r  
years o f  p roduct ion ,  most commercial v a r i e t i e s  have become mixed to  
vary ing  degrees.  This  c o n d i t io n  presents  one of the problems in pro­
ducing a uniform product (35 , 4 1 ) .
O r ig in  -  L i l i e s  in the w i ld  s t a t e  are found in an i r r e g u l a r  c i r c l e  
banding the North Temperate Zone. A very few species are n a t iv e  to  
t r o p i c a l  lowlands, w h i le  the co o le r  mountains o f  these same regions  
are  the h a b i t a t  o f  a g r e a t e r  number. None is known in deser t  country .
The reasons f o r  t h e i r  exact  d i s t r i b u t i o n  are unknown. Studies of  
f o s s i l s  o f  temperate f l o r a  have led some to  b e l i e v e  th a t  l i l i e s  probably  
e x is t e d  before  the Great  Ice Age.
As would be expected from t h e i r  widespread d i s t r i b u t i o n ,  the na t iv e
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haunts o f  the genus L i l iu m  are  g r e a t l y  v a r i e d .  Some l i v e  in the r i c h ,  
b la c k  ooze of  the ju n g le s  of  upper In d ia .  Others grow on open p l a i n s ,  
mountains or woodlands. Li 1 ium l o n q i f lo r u m . Thunb.,  the Easter  l i l y  of  
today,  is n a t iv e  to the rocky shores of the is lands o f f  Japan (24 ,  2 5 ) .
in t ro d u c t  ion t nto C u l t i v a t i o n  -  As man arose from savagery and de­
veloped a c i v i l i z a t i o n ,  he concerned h im se l f  w i th  those p lan ts  t h a t  pro ­
vided food and s h e l t e r .  L i l i e s  doubtless f i l l e d  some of  these needs.
As these needs became s a t i s f i e d ,  there  was more l e i s u r e ,  and he concerned  
h im s e l f  w i t h  the a e s t h e t i c  s ide o f  l i f e .  The b e a u t i f i c a t i o n  o f  h is  sur ­
roundings w i t h  p lan ts  rece ived  c o n s id e r a t io n .  The n a t iv e  p lan ts  were 
used f i r s t ,  but soon a d e s i re  arose f o r  g r e a t e r  v a r i e t y ,  and the gardens
and w i ld s  of  f o r e ig n  c o u n t r ie s  were searched f o r  new m a t e r i a l .  So is i t  
t ru e  o f  the I M y  ( 4 1 ) .
The f i r s t  non-European l i l y  to  reach England was Li 1 ium canadense.
L inn ,  about 1500. The American l i l i e s  p r a c t i c a l l y  a l l  came i n to  c u l t i ­
v a t io n  in England as did  most of  the l i l i e s  in the w o r ld .  L i l i u m  
long I f l o r u m . Thunb.,  the E a s te r  l i l y ,  was in troduced to  England in 1819 
from the Liu Kiu Is lands  o f f  Japan. In 1830 the v a r i e t y  Eximium ( H a r r i s i i )  
was in troduced .  I t  and o th e r  v a r i e t i e s  o f  the lo n g i f lo r u m  species were 
o r i g i n a l l y  grown as garden p l a n t s ;  however, Hr .  W. K. H a r r i s  o f  P h i l a d e l p h i a  
began p rodu c t ion  o f  the Eximium v a r i e t y  in Bermuda in 1882 f o r  commercial  
sa les  in the U n i te d  S t a t e s .  Th is  was probab ly  the f i r s t  commercial  produc­
t i o n  o f  l i l i e s  f o r  E a s te r  on a la rg e  sca le  (25 ,  35 ,  4 1 ) .
Commercial Product  ion -  P r i o r  to  World War I I ,  most bulbs fo rced  in 
t h i s  country  were imported from Japan or  Bermuda. The d isease  problem 
in Bermuda and the war w i t h  Japan c r e a te d  the n e c e s s i ty  f o r  p rodu ct ion  
in t h is  c o u n try .  Due t o  c l i m a t e ,  the g r e a t e s t  c o n c e n t ra t io n s  o f  bulb  
p rodu ct ion  are in F l o r i d a ,  L o u is ia n a ,  Mexico,  Oregon, Washington and 
C a l i f o r n i a ,  the l a t t e r  th ree  be ing the most important  from a q u a n t i t y  
s ta n d p o in t  (23 ,  26,  34 ,  3 6 ) .  R e c e n t ly ,  l a r g e r  q u a n t i t i e s  of  the  
Georgia  v a r i e t y  have been produced in M is s is s ip p i  and Georgia ( 3 ) •
The t ime o f  bulb h a rv e s t  in f lu e n c e s  the response of  p la n ts  dur ing  
f o r c i n g .  Thornton and Imle (46)  and B r i e r l e y  and C u r t i s  (6 )  found 
t h a t  immature bulbs f a i l e d  to  grow p r o p e r l y .  B r i e r l e y  and C u r t i s  (6 )  
noted t h a t  C reo le  l i l i e s  bloomed in the o rd er  o f  d i g g in g .  I t  is 
g e n e r a l l y  recommended t h a t  d igg ing  be done no e a r l i e r  than two months 
f o l l o w i n g  f lo w e r i n g  in o rder  to  insure a w e l l -m a tu r e d  bu lb  (28 ,  3*0 •
For t h is  reason,  bulbs are  harves ted  on the West Coast in September or
October (23> 2 9 ) .  The Georg ia  v a r i e t y  is ha rv e s te d  from m id -J u ly  
through August in M is s is s ip p i  and G eorg ia  ( 3 ) .
L i l y  bulbs a re  graded a c c o rd in g  t o  t h e i r  c i r c u m fe r e n c e .  The 
common grades a r e  6 - 8 ,  7 - 9 ,  8 - 1 0  and 10-12 inches .  The l a r g e r  bulbs  
and the very  small  ones a re  used f o r  c u t  f l o w e r s ,  w h i l e  bulbs 7 - 9  inches  
in s i z e  a r e  commonly used f o r  pot  p la n t s  ( 2 3 ) .  S m a l le r  s i z e s  ( 4 - 6  
inches)  o f  the Georg ia  v a r i e t y  have been recommended r e c e n t l y  ( 4 ) .
Bulbs a re  packed in cases ,  the number v a r y in g  w i t h  bu lb  s i z e ,  in 
r e l a t i v e l y  dry peat  moss and a re  precoo led  a t  tem pera tu res  around 32  to  
34 degrees F a h r e n h e i t .  The minimum s to rag e  t ime is u s u a l l y  con s id e red  
to  be about  s i x  to  e i g h t  weeks. O f ten  the p e r io d  may ex tend  to  tw e lve  
o r  more weeks,  e s p e c i a l l y  when E a s te r  is l a t e  ( 2 3 ,  29 ,  3 4 ) .
Upon r e c e i p t  o f  the  b u lb s ,  the grower p la n t s  in pots or  beds,  de­
pending upon the i n t e n t i o n  o f  use o f  the  f i n i s h e d  p ro d u c t .  The G eorg ia  
v a r i e t y  is  u s u a l l y  grown f o r  cu t  f l o w e r s ,  w h i l e  the C r o f t  and Ace are  
more d e s i r a b l e  as pot  p l a n t s .  C r o f t  and Georg ia  r e q u i r e  about  107 to  
120 days a t  60 degrees F a h r e n h e i t  to  f o r c e ,  w h i l e  the Ace r e q u i r e s  
about  two weeks lo n g e r .  Those grown f o r  c u t  f lo w e r s  a re  p l a n t e d  in 
benches o r  f l a t s ,  w h i l e  those f o r  pot  p l a n t s  are  p la n te d  in  pots f i v e  
and o n e - h a l f  to  s i x  inches in s i z e .  Bulbs a re  p l a n t e d  w i t h  the "nose"  
about  two inches below the  s o i l  s u r f a c e .  T h is  a l lo w s  " s t e m - r o o t "  d e v e l ­
opment in a d d i t i o n  to  basal r o o t i n g .  U s u a l l y  the f o r c i n g  tem p e ra tu re  is 
60 degrees F a h r e n h e i t  a t  n i g h t  ( 2 3 ) .
Recent  Developments -  Even though the l i l y  s t i l l  leads in pot  p l a n t  
s a le s  f o r  E a s t e r ,  in re c e n t  years  the demand f o r  t h i s  crop has d i m i n i s h ­
ed .  Th is  is b e l i e v e d  by some to  be the  r e s u l t  o f  i n f e r i o r  p l a n t s ,  
perhaps caused by d iseas e  p re v a le n c e  in the  le a d in g  v a r i e t y ,  C r o f t .
6Many growers began us ing  the v a r i e t y  Ace,  which appears to  be more 
vigorous  than C r o f t  but not q u i t e  as d e s i r a b l e  in appearance nor in 
t ime r e q u i r e d  to  f o r c e .  A ls o ,  personnel  a t  i n s t i t u t i o n s  o f  r e s e a r c h ,  as 
w e l l  as growers,  began t o  e v a lu a t e  methods o f  p ro d u c t io n  in o rd e r  to  
improve the q u a l i t y  o f  p o t te d  E a s te r  l i l i e s .  I t  was w e l l  known t h a t  the  
e a r l i e s t  method o f  p o t te d  E a s te r  l i l y  p r o d u c t io n  in vo lved  common s to rage  
o f  bulbs or  p l a n t i n g  in  p o t s ,  a l l o w i n g  n a t u r a l  c o o l in g  w i t h  subsequent  
f o r c i n g  in greenhouses.  T h is  is s t i l l  p r a c t i c e d  today on the West Coast  
where m i ld  c l i m a t i c  c o n d i t io n s  p r e v a i l .  In a d d i t i o n ,  t h i s  method was 
p r a c t i c e d  w i t h  Georgia  bulbs some years  ago by P a t t e r s o n ' s  Rosemont 
Gardens in Montgomery, Alabama.  The c h i e f  problem was always one o f  
" t i m i n g "  the c ro p . .
W ith  n a t u r a l  c o o l i n g ,  r e s t  is broken and the stem emerges and de­
ve lops the r o s e t t e  type o f  grow th .  In the f i e l d ,  the stem c o n t in u es  to  
grow s lo w ly  u n t i l  the tem p era tu re  increases ,  when i t  e lo n g a te s  and 
f i n a l l y  develops f lo w e r  buds and f l o w e r s .  The bloom number o f  n a t u r a l l y  
cooled p l a n t s  is always c o n s id e r a b ly  g r e a t e r  than those from r e f r i g e r a t e d  
bu1b s .
Th is  was observed by personnel  a t  M i s s i s s i p p i  S t a t e  U n i v e r s i t y  ( U)  , 
and an a t te m p t  was made to  d u p l i c a t e  c o n d i t io n s  o f  the f i e l d  as n e a r l y  
as p o s s ib le  in the p r o d u c t io n  o f  p o t te d  p l a n t s  w i t h  f l o w e r i n g  always  
a t  E a s t e r .
I n t e r e s t  in the s o - c a l l e d  " n a t u r a l  c o o l i n g "  o r  " f ram e "  method has 
developed in many o t h e r  p a r t s  o f  the c o u n t r y .  E a r l y  work ,  in a d d i t i o n  
to  t h a t  in M i s s i s s i p p i ,  was conducted in G e o rg ia ,  L o u is i a n a ,  Oklahoma 
and o t h e r  a r e a s .  I t  is o f  i n t e r e s t  t o  note  t h a t  in  a l l  cases ,  r e g a r d ­
less o f  v a r i e t y  used,  bloom number and f o l i a g e  d i s t r i b u t i o n  have been
7s u p e r i o r  t o  p l a n t s  from bu lbs  p re c o o le d  in  the c o n v e n t io n a l  manner ( 4 ,
2 0 ,  2 7 ,  30 ,  4 4 ) .  Some have v e n tu re d  to  s p e c u l a t e  on the  cause,  bu t  few  
d a ta  a r e  a v a i l a b l e  t o  s u b s t a n t i a t e  any o b s e r v a t i o n .
Stems o f  n a t u r a l l y  co o led  p l a n t s  emerge and produce a r o s e t t e  o f  
f o l i a g e  cap ab le  o f  p h o to s y n th e s is  some t im e  p r i o r  t o  f o r c i n g .  In 
a d d i t i o n ,  a tremendous r o o t  system d e v e lo p s .  These a r e  in c o n t r a s t  t o  
dormant bu lbs  h e ld  in  c o ld  s t o r a g e  over  th e  e n t i r e  p e r i o d .  These a re  
cap ab le  o f  r e s p i r a t i o n  d u r i n g  which oxygen would  be absorbed ,  s o l i d s  
consumed and carbon d i o x i d e ,  w a te r  and hea t  g iv e n  o f f .  T h is  means t h a t  
bulbs  in s t o r a g e ,  and e s p e c i a l l y  im m ed ia te ly  a f t e r  rem o va l ,  m ight  be 
suspected o f  hav in g  less  t o t a l  food r e s e rv e  a t  t im e  o f  f l o w e r  i n i t i a t i o n  
and e a r l y  development than n a t u r a l l y  coo led  r o s e t t e d  p l a n t s  which had been 
c a r r y i n g  on p h o t o s y n t h e s i s .  T h is  d i f f e r e n c e  in food r e s e r v e  co u ld  con­
c e i v a b l y  i n f l u e n c e  the  number o f  blooms and o t h e r  growth c h a r a c t e r i s t i c s .
The o b j e c t i v e  o f  t h i s  s tudy was to  e x p l o r e  t h i s  p o s s i b i l i t y .
REVIEW OF LITERATURE
Before techniques f o r  c o n t r o l le d  cold storage were p e r fe c te d ,  bulbs 
f o r  po t ted  Easter  l i l i e s  were e i t h e r  stored in cool basements in dry 
sand or were pot ted and then placed in these areas ( 5 ) .  O ften ,  growers 
in areas o f  m i ld  c l im a te  would exper ience growth and r o s e t t in g  of  
f o l i a g e  of  l i l i e s  p lanted  in po ts ,  and fo r c in g  would be begun about  
Christmas (20 ,  4 4 ) .  This method is s t i l l  p ra c t ic e d  in many areas (4 ,
20,  4 2 ) .  According to K i p l in g e r  e t  al  ( 2 0 ) ,  t h is  system has a number 
of  disadvantages such as lack o f  u n i f o r m i t y  due to weather  v a r i a t i o n s ,  
i n a b i l i t y  to achieve proper  coo l ing  in southern areas ,  loss from animals ,  
f r e e z in g  and labor cos t .
Around 1930, a r t i f i c i a l  cold  storage began to show promise. Work 
w ith  cold  storage was a r e s u l t  of the disadvantages o u t l in e d  and,  
according to B r i e r l e y  ( 5 ) ,  southern grown bulbs were o r d i n a r i l y  dug 
wel l  in advance o f  the t ime th a t  f l o r i s t s  were ready to  force  them.
He did  some o f  the e a r l i e r  work in an e f f o r t  to develop a storage prac­
t i c e  th a t  would m a in ta in  the f o r c in g  q u a l i t y  and reduce to a minimum 
r o t ,  d ry ing  and premature sprou t ing .
V i r t u a l l y  a l l  work on cold storage o f  l i l y  bulbs reported  in the 
l i t e r a t u r e  embraced these o b je c t iv e s  and was a c c e le ra te d  when i t  was 
found th a t  storage temperature a f fe c te d  date of m a t u r i t y .  In a d d i t io n ,  
a l l  proclaimed the d e le te r io u s  e f f e c t  of  cold  storage e s p e c i a l l y  f o r  
prolonged periods and c e r t a i n  temperatures (2 ,  5,  6 ,  9,  13* 14, 22,  29,  
40,  4 5 ) .
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B r i e r l e y  (5 )  found t h a t  American grown l i l y  bulbs s tored  a t  50 
degrees F a h re n h e i t  f lo w e re d  e a r l i e r  than those s to red  a t  lower tempera­
t u r e s .  The number o f  f lo w e r  buds decreased w i t h  pro longed s to rage  but  
not as r a p i d l y  a t  32 degrees .
S t u a r t  (42 )  found t h a t  L o u is ian a  grown bulbs fo rced  more r a p i d l y  
f o l l o w i n g  s to rag e  a t  45 or  50 degrees F a h re n h e i t  than those s to red  a t  
h ig h e r  o r  lower tem p era tu res .  He a l s o  r e p o r te d  a g r e a t e r  loss o f  
f lo w e r  buds a t  the h ig h e r  tem p era tu res .  S t u a r t  (43)  r e p o r te d  t h a t  the  
s h o r t e r  the i n t e r v a l  f o r  f l o w e r i n g ,  f o l l o w i n g  p l a n t i n g ,  the less the  
number o f  f lo w e r s ,  and t h i s  t ime was in f lu e n c e d  by tem p e ra tu re .
Jones ( 1 7 ) ,  work ing w i t h  C reo le  l i l i e s ,  found t h a t  f lo w e r  number 
decreased as s to rage  t ime increased  a t  tem pera tures  above 35 degrees  
F a h r e n h e i t .  in a d d i t i o n ,  he o b ta in e d  e a r l i e r  blooming p la n t s  from 
bulbs s to red  a t  50 and 60 degrees F a h r e n h e i t .  For s h o r t  s to rage  
p e r io d s ,  b e t t e r  f lo w e r  p ro d u c t io n  occurred  f o l l o w i n g  h ig h e r  tempera­
tu re s  .
Fu ru ta  (9)  found t h a t  as s torage  t ime in c rease d ,  e a r l i e r  m a t u r i t y  
was induced, p la n t s  were s h o r t e r  w i t h  fewer f lo w e r s  and these d i f ­
fe rences  in s to rag e  t ime were more pronounced a t  45 degrees than a t  
32 degrees F a h r e n h e i t .  Ko franek  (22)  found t h a t  the longer  the  
sto rage  o f  Georgia  l i l i e s ,  the more bloom number was reduced; however,  
in c o n t r a s t  to  F u r u t a ' s  f i n d i n g s ,  h e ig h t  was n e i t h e r  increased nor  
decreased .
Furu ta  (9)  s t a t e d  t h a t  the amount o f  m o is tu re  o f  the s to rage  
medium in f lu e n c e d  e a r l i n e s s  but  not f lo w e r  number nor s i z e  o f  p la n t s  
o f  the Georg ia  v a r i e t y .  On the o th e r  hand, S t u a r t  (45 )  s t a t e d  t h a t  
bulbs d e t e r i o r a t e  even though s to red  a t  low tem pera tu re  i f  packed in wet
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or  in exc ess ive ly  dry pea t .  He recommended a medium w i th  30 to 50 per  
cent moisture  in po lye thy lene  l ine d  cases. Bowden (3)  s ta ted  t h a t  in 
storage of  Georgia l i l y  bulbs,  the danger was too much moisture  ra th e r  
than too l i t t l e .  He gave no reason.
Such in v e s t ig a t io n s  provided recommendations f o r  bulb storage th a t  
have been fo l low ed  f o r  many years (23 ,  3 *0 .  These were 32 to 3** degrees 
Fahrenhei t  f o r  a minimum of  s ix  weeks using a i r - d r i e d  peat moss in cases 
w ith  po lye thy lene  l i n e r s .  B r i e r l e y  (5 )  s ta ted  th a t  cold storage o f  Easter  
l i l y  bulbs is a convenient pr imary co n tro l  over t ime o f  f lo w e r in g .  On 
the o th e r  hand, he a lso  s ta ted  t h a t  when stored f o r  long periods in the 
l e a s t  d e le t e r io u s  cond i t ions  (32 degrees F a h re n h e i t ,  d ry )  they are  in ­
f e r i o r  in f o r c in g  performance.  A lso ,  K ip l in g e r  e t  al  ( 2 0 ) ,  s ta ted  that  
p recoo l ing  enabled f l o r i s t s  to  pot and bench immedia te ly ,  but i t  caused 
a reduct ion  in f lower  bud number and dwarfed the lower f o l i a g e .
I t  is ev id en t  t h a t  these u nd es i rab le  e f f e c t s  o f  co ld  storage have 
long been recognized.  I t  is only r e c e n t ly  th a t  a t t e n t i o n  toward t h e i r  
s o lu t io n  has been g iven.  This has been brought about ,  no doubt,  by a 
renewed in t e r e s t  in improving q u a l i t y  and emphasized by a t t e n t i o n  toward 
c u l t u r a l  techniques using the frame or n a tu ra l  coo l ing  method (*+, 20,  27,  
30, *t*+).
R ecen t ly ,  Blaney e t  a l  ( 2 ) ,  emphasized th a t  sup er io r  p lants  r e s u l t  
from precool ing  in the coldframe.  They s ta te d  th a t  in s p i t e  o f  twenty  
years of exper imental  work on storage and f o r c in g ,  p lan ts  from precooled  
bulbs have short  basal leaves ,  long internodes and few f lo w e r s .  These 
u nd es i rab le  c h a r a c t e r i s t i c s  continue to be a problem and the longer the 
storage pe r iod ,  the more pronounced is the problem.
Post (3*+) s ta te s  " t h a t  the purpose o f  the low temperature is to
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reduce r e s p i r a t i o n  to  a minimum, y e t  not i n ju r e  the b u lb s . "  K i p l i n g e r  
and Mi H e r  (21)  s t a t e  t h a t  " t h e  amount o f  food w i t h i n  the bulb probably  
governs the number o f  buds th a t  i n i t i a t e  or  form s ince  small  bulbs have 
fewer f lo w ers  than l a r g e r  b u l b s . "  Post (33)  found t h a t  removal o f  
scales or  pa r ts  reduced the number of  f lo w e rs  and h e i g h t .  M i l l e r  and 
K i p l i n g e r  (28)  showed a p o s i t i v e  c o r r e l a t i o n  o f  bloom number and bulb  
s i z e .  H a r t l e y  e t  al  ( 1*4) ,  a t t r i b u t e d  increased bloom number o f  l a te  
harvested bulbs to  an increase in bulb s i z e .  Shoushan (*4 0 ) found th a t  
s ta rch  granules of  sca le  leaves were d ig es ted  more r a p i d l y  as tempera­
tu re  o f  s torage increased from 31 degrees to *45 degrees F ah re n h e i t  and 
t h a t  sp ro u t in g  and f l o w e r i n g ,  f o l l o w in g  p l a n t i n g ,  occurred in the same 
o rd e r .  He specula ted  t h a t  h ig h er  r e s p i r a t i o n  r a te s  occurred a t  the 
h igher  temperatures and reduced the amount o f  carbohydrates  in bu lbs .
As a r e s u l t ,  when p o t t e d ,  v e g e t a t i v e  growth was less w i t h  e a r l i e r  f lo w e r  
bud i n i t i a t i o n  and fewer blooms.
A p p a r e n t ly ,  w i t h  the exc ep t io n  of  Shoushan ( *4 0 ) ,  no one has made 
a concerted e f f o r t  to  o b t a in  data on food d e p le t i o n  o f  s to red  bulbs .  
K i p l i n g e r  e t  a l  ( 2 0 ) ,  found f lo w e r  number to  be g r e a t e r  from po t ted  
bulbs than from those in dry s torage regard less  o f  whether they were in 
a coldframe or a r e f r i g e r a t o r .  They specula ted  t h a t  the reason was 
th a t  roo t  and shoot development occurred s im u ltane ous ly  in precooled  
bulbs .  Th is  caused a red u c t io n  in food supply to  the stem and some 
buds f a i l e d  to  i n i t i a t e ,  aborted  or  both .  Two years l a t e r ,  M i l l e r  and 
K i p l i n g e r  ( 2 9 ) .  in a r e p o r t  on t h e i r  work of  h igh temperature  t re a tm e nt  
o f  bu lbs ,  r e f u te d  t h i s  by s t a t i n g  t h a t  the e x p la n a t io n  f o r  the s u p e r i ­
o r i t y  o f  co ldframe t r e a t e d  bulbs is not l i k e l y  r e l a t e d  to  root  growth 
or d r y in g .
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There  is  r e c e n t  ev idence  to  support  the hyp o th es is  t h a t  food de­
p l e t i o n  o f  s to re d  bulbs is not  e n t i r e l y  the reason f o r  reduced bloom 
number (2 ,  1**, 2 9 ) .  G a r tn e r  and Jackson (10 )  as e a r l y  as 1958 showed 
t h a t  h igh tem pera tures  (75 degrees F a h r e n h e i t )  f o l l o w i n g  co ld  s to rage  
could  n u l l i f y  the e f f e c t s  o f  c o o l i n g .  L a t e r  work on h igh  tem pera ture  
e f f e c t s ,  both b e f o r e ,  d u r in g  and a f t e r  s to rage  was i n i t i a t e d  by B laney ,  
H a r t l e y  and Roberts  (2 )  and by M i l l e r  and K i p l i n g e r  ( 2 9 ) -  Blaney e t  a l  
( 2 ) ,  s t a t e d  t h a t  bulbs p rehea ted  by s t o r i n g  a t  warm tem pera tures  f o r  
s e v e ra l  weeks b e fo r e  p r e c o o l i n g  would fo rc e  r a p i d l y  w i t h o u t  undue loss  
of  f lo w e r  p o t e n t i a l  and suggested t h a t  warm tem pera tu re  s torage  f o r  
leng thy  p e r io d s  is b e t t e r  than cool t e m p e r a t u r e s . They emphasized in a 
l a t e r  paper  ' (1 *0  t h a t  many have erroneous b e l i e f s  concern ing  the var io u s  
s torage  te m p e ra tu re s .  They s t a t e d  t h a t  *+0 degrees F a h re n h e i t  appears  
optimum f o r  inducing e a r l y  f l o r a l  i n i t i a t i o n  ( i n i t i a t i o n  a t  a low l e a f  
number) and t h a t  o n ly  such p la n t s  can be fo r c e d  r a p i d l y  i n to  f l o w e r .
A t  the same t im e ,  t h i s  tem pera ture  is  the most d e s t r u c t i v e  to  the 
f lo w e r  producing p o t e n t i a l .  T h is  was e x p la in e d  on the b a s is  t h a t  the  
stem apex ceases I n i t i a t i o n  o f  f lo w e r s  soon a f t e r  the f i r s t  i n i t i a l  
appears f o l l o w i n g  s to rag e  a t  ^0 degrees F a h r e n h e i t .  They s t a t e d  t h a t  
" th e  E a s te r  l i l y  is in d e te rm in a te  and the f lo w e rs  a r e  borne in  the  
a x i l e s  o f  s u c c e s s iv e ly  h ig h e r  leaves on the f l o w e r i n g  shoot .  I t  
f o l lo w s  t h a t  a f l o r i f e r o u s  p l a n t  is one whose growing p o i n t  con t inues  
to  i n i t i a t e  both leaves and f lo w e r  buds a f t e r  the f i r s t  i n i t i a l  ap­
p e a r s . "  They concluded from t h e i r  s tu d ie s  t h a t  f l u c t u a t i o n  o f  tempera­
tu re s  in the f i e l d  p r i o r  to  bulb  h a r v e s t  might  be expressed a t  a l a t e r  
t ime and i n f lu e n c e  the performance d u r in g  the f o l l o w i n g  s to rage  o f  the  
bu lb s .  The p re h e a t  t re a tm e n t  "e rase d "  these e a r l y  e f f e c t s  and conserved
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the f lo w e r  producing p o t e n t i a l  aga ins t  the d e s t r u c t i v e  ac t io n  of  p re ­
c o o l in g .  Other workers (17 .  29,  1*2) have s u b s ta n t ia ted  the statement tha t  
1+0 degrees Fahrenhe i t  is one o f  the more d e le t e r io u s  storage temperatures.
M i l l e r  and K i p l in g e r  (29) reached s i m i l a r  conclusions w i th  regard to  
high temperatures.  They found th a t  bulbs subjected to  temperatures above 
70 degrees Fahrenhe i t  f o r  a minimum o f  four  weeks, p r i o r  to coo l ing  a t  33 
degrees to 1+0 degrees F a h re n h e i t ,  would produce p lan ts  comparable to l i l i e s  
n a t u r a l l y  cooled.
Without  p re h e a t in g ,  frame cooled l i l i e s  have c o n s is te n t ly  produced 
sup er io r  p lan ts  (i+, 20,  27,  30,  1+4). Only one reason f o r  t h is  supe­
r i o r i t y  has been expressed. K i p l in g e r  e t  al  ( 2 0 ) ,  be l ieved  i t  to  be due 
to simultaneous development of  roots and shoots o f  precooled l i l i e s .
As f a r  as can be a s c er ta in e d  from the l i t e r a t u r e ,  P f e i f f e r  (31)  
made the f i r s t  e f f o r t  to  determine f lo w e r  i n i t i a t i o n  In l i l i e s .  She 
studied both Eximium and Giganteum v a r i e t i e s .  The Eximium was placed  
in s torage a t  10 to  13 degrees cen t ig rade  in August.  I t  remained veg­
e t a t i v e  u n t i l  October a t  which time broadening of  the apex and e lo n ­
g a t ion  began. She be l ie v e d  t h is  to be the p r e - d i f f e r e n t i a t i o n  s tage.
The Giganteum showed e lo n g a t io n  but i n i t i a t i o n  d id  not occur u n t i l  
about two weeks f o l lo w in g  p o t t in g .  Order o f  development was a c r o p e ta l .
Emsweller and Pryor ( 8 ) ,  a f t e r  s tudying f lo w e r  development in 
Creole l i l i e s ,  s ta ted  tha t  t h e i r  r e s u l t s  agreed w i t h  those o f  P f e i f f e r  
( 3 1 ) .
K i p l in g e r  and M i l l e r  (21) and L a u r ie ,  K i p l in g e r  and Nelson (23)  
s t a t e  th a t  i n i t i a t i o n  occurs when the stem is two to four  inches above 
the nose o f  the bulb .  They present  no data  nor statement as to  how these  
conclusions were reached.
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Shoushan (40)  made microscopic s tud ies  of  bulbs s tored  a t  31. 33 
and 45 degrees F ah re n h e i t .  He found the date of  i n i t i a t i o n  was a f f e c t e d  
by temperature and storage t ime.  For example, bulbs s tored f o r  one week 
a t  45 degrees Fahrenhe i t  and then potted  and forced i n i t i a t e d  f lowers  
when the stem was s i x  inches above the nose of  the bulb .  When stored f o r  
f i v e  weeks a t  the same temperature ,  i n i t i a t i o n  occurred when the stem was 
th ree  inches above the bulb .  He s ta ted  th a t  most of  the leaves formed 
w h i le  the stem was s t i l l  in the s o i l  and p r i o r  to i n i t i a t i o n .  I t  was his  
conclusion th a t  the length of  the stem when i n i t i a t i o n  occurred was d e t e r ­
mined by the amount of  carbohydrates and these were in f luenced by storage  
temperature and t ime.
MATERIALS AND METHODS
T h is  study was begun in the f a l l  o f  1962 and was c o n t in u e d ,  w i t h  
s l i g h t  m o d i f i c a t i o n s ,  f o r  two seasons,  end ing  in the s p r in g  o f  196*4.
Two v a r i e t i e s  were s t u d i e d ,  G e o rg ia '  and Ace.  Bulbs o f  both  
v a r i e t i e s  were o f  commercial  g rade ,  packed in d ry  pea t  in p o ly e th y le n e  
l i n e d  c r a t e s  and shipped w i t h o u t  p r e c o o l in g  soon a f t e r  h a r v e s t .  The 
Georgia  bulbs were f i v e  to  s i x  inches in s i z e  w h i l e  those o f  the Ace 
were s i x  t o  seven inches.
Soon a f t e r  r e c e i p t  o f  the b u lb s ,  both seasons,  they  were c lean e d ,  
s o r t e d ,  weighed,  and s u b je c te d  to  t r e a t m e n t .  C lean ing  c o n s is te d  o f  
c a r e f u l  hand-brush ing  f o l lo w e d  by a m i ld  b l a s t  o f  compressed a i r .  To 
t e s t  the e f f e c t i v e n e s s  o f  the c le a n in g  p rocedure ,  a la rg e  number o f  
bulbs were s e l e c t e d  a t  random. These were " s c a le d "  down and washed 
in w a t e r .  The res id u e  was c o l l e c t e d ,  oven d r ie d  and weighed.  The 
mean w e ig h t  o f  res id u e  per bu lb  was 15 . 5  m i l l i g r a m s ,  thus n e g l i g i b l e .
S o r t i n g  was ach ieved  w i t h  a crude ba lance by which the bulbs were 
separated  in to  sev era l  w e ig h t  ranges.  The median, and l a r g e r  groups,  
were s e le c t e d  f o r  the s tudy .  Bulbs o f  these groups were then weighed  
i n d i v i d u a l l y ,  the w eights  recorded t o  the n e a re s t  t e n t h  o f  a gram and 
i d e n t i f i e d  w i t h  the bulb f o r  subsequent r e f e r e n c e .
In 1962, the s e l e c t e d  bulbs were d iv id e d  randomly i n to  two groups.  
One group was p o t te d  imm edia te ly  in c o m m e rc ia l -s iz e d  c l a y  pots and
^Bulbs used were from a s t r a i n  o f  G eo rg ia ,  s ince  named Harson.
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placed o u ts id e  in a sha l low  frame in f u l l  s u n l i g h t  ( P l a t e  I ) .  Bulb 
i d e n t i t y  was m a in ta ined  by wooden lab e ls  in the po ts .  Bulbs of  the 
o th e r  group were wrapped i n d i v i d u a l l y  in one la y e r  of  cheese c l o t h  w i t h  
t h e i r  w e ig h ts ,  recorded on paper s l i p s ,  inc luded .  These were then placed  
a t  random in p o ly e th y le n e  l in e d  c r a te s  c o n ta in in g  peat  moss (21 per cent  
m o i s t u r e ) .  The c r a t e s  were p laced in a r e f r i g e r a t o r  where the temper­
a t u r e  was m ain ta ined  between 31 and 33 degrees F a h r e n h e i t .
These two, n a t u r a l l y  cooled and r e f r i g e r a t e d ,  were the t re a tm e n ts .  
Each conta ined bulbs f o r  sampling purposes and f o r  growing to  m a t u r i t y  
f o l l o w in g  the t re a tm e n ts .
Bulbs f o r  sampling were removed a t  random a t  p e r i o d i c  i n t e r v a l s .
The b i o l o g i c a l  s i m i l a r i t y ,  from a w e ight  s t a n d p o in t ,  and the sampling  
dates are presented in Table  I .
In 1963, the bulbs were handled as descr ibed  e a r l i e r  w i t h  the ex ­
c e p t io n  o f  d i v i s i o n  in to  the two groups. Bulbs were matched accord ing  
to  weight  and then d iv id e d  in to  the two groups. In a d d i t i o n ,  they were 
f u r t h e r  d iv id e d  w i t h i n  each group in to  s iz e  ranges.  A p re -de te rm ine d  
number o f  bulbs was s e le c te d  a t  random from each range a t  sampling t im e .  
This provided a more un i fo rm  sample between t rea tm ents  and between 
sampling da tes .  The weights  and sampling dates f o r  1963 a re  presented  
in Tab le  I .
Each sample con ta ined  ten bulbs (or  p l a n t s )  the f i r s t  year  and nine  
the second y e a r .  Bulbs (or  p l a n t s )  o f  a sample were ana lyzed  s e p a r a t e ly ,  
and a f t e r  growth began, they were a ls o  separa ted  i n to  r o o t s ,  bulbs and 
stems, these being analyzed i n d i v i d u a l l y .
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These terms w i l l  be used throughout t h i s  paper when r e fe re n c e  
is made to  t re a tm e n ts .
The d a ta  recorded included dry  we ights  (as a c r i t e r i o n  o f  reserve  
food)  and t o t a l  s o lu b le  s o l i d s .  In 1962, o n e -h a l f  o f  each p la n t  or
p l a n t  p a r t  was used f o r  the former and the o th e r  h a l f  f o r  the l a t t e r .  The
dry weights  recorded were converted  to  re p res en t  the t o t a l  p la n t  or p la n t  
p a r t .  In I9&3» f i v e  bulbs o f  each sample were used f o r  dry w e ight  d e t e r ­
minat ions  and fo u r  f o r  s o lu b le  s o l i d s .  During both y e a r s ,  the growing  
po in ts  o f  a l l  stems were removed, p r o p e r ly  i d e n t i f i e d  and k i l l e d  and f i x e d
in FAA. They were l a t e r  dehydrated in the usual manner,  embedded in 
p a r a f f i n ,  sec t ioned  a t  ten  microns and s ta in e d  in s a f r a n i n  and a n i l  in 
blue  w i t h  D e l a f i e l d ' s  hem atoxy l in  as descr ibed  by Popham and Johnson ( 3 2 ) .  
M icroscopic  study of  these was done to  determine  dates of  f lo w e r  i n i t i ­
a t i o n .
At sampling t im e ,  p la n ts  were brought  to  the la b o r a t o r y  where they  
were broken a p a r t  and thoroughly  washed in w a te r .  Those used f o r  dry 
w eight  d e te r m in a t io n s  were chopped to  f a c i l i t a t e  d r y i n g .  Dry ing  was 
accomplished in a n o n - d r a f t  oven a t  95 degrees c e n t ig r a d e  f o r  12 days.  
P r e l i m i n a r y  i n v e s t i g a t i o n  in d ic a te d  t h a t  t h is  i n t e r v a l  was necessary .
The bulbs con ta ined  a m u c i l a g e - l i k e  substance which caused d i f ­
f i c u l t y  in e x t r a c t i o n  o f  p l a n t  sap f o r  so lub le  s o l id s  d e t e r m in a t io n .  A 
procedure was worked out  whereby the b u lbs ,  or o th e r  p l a n t  p a r t s ,  cou ld  
be ground in known volumes o f  w ate r  w i t h  a Waring Blendor and f i l t e r e d .
A " r e a d in g "  would then be made w i t h  a Bausch and Lomb j u i c e  re f ra c to m -  
e t e r  w i t h  a temperature  c o r r e c t i o n  d e v ic e .  The proper d i l u t i o n  f a c t o r  
would then be a p p l i e d  to  co n ver t  t o  a t ru e  f i g u r e .
Sampling was con t inued  through the dates o f  f lo w e r  i n i t i a t i o n .
A d d i t i o n a l  da ta  f o r  both v a r i e t i e s  were ob ta ined  through the  
f a c i l i t i e s  of  the M is s is s ip p i  A g r i c u l t u r a l  Exper iment S t a t i o n ' s  Chemistry
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Department f o r  the  yea r  o f  1962. S i m i l a r  samples to  those descr ibed  
were taken on September 7» October  26 ,  November 23 ,  December 15 and 
January 12 and were used t o  p ro v id e  supplementa l  d a ta  on p l a n t  com­
p o s i t i o n .  These inc luded  n i t r o g e n ,  p r o t e i n s ,  sugars ,  s t a r c h e s ,  carbohy­
d r a te s  and res id u e  composed o f  crude f a t ,  crude f i b e r ,  ash,  o rg a n ic  ac ids  
and m is c e l la n e o u s  m a t e r i a l s .
The Georg ia  bulbs were produced in M i s s is s ip p i  w h i l e  the Ace bulbs  
were produced in C a l i f o r n i a .  Because o f  d i f f e r e n c e s  in da tes  o f  m a t u r i t y  
and thus h a r v e s t in g  in  the two a r e a s ,  the bulbs were r e c e iv e d  and sub­
j e c t e d  t o  t re a tm e n ts  a t  d i f f e r e n t  t im es .  In 1962, the Georgia  bulbs  
were re c e iv e d  the  l a t t e r  p a r t  o f  August and were s u b je c te d  to  t re a tm e n ts  
on September 7* The Ace bulbs a r r i v e d  in e a r l y  November and were p laced  
under t re a tm e n ts  on November 12. In 1963. the G eorg ia  bulbs were aga in  
r e c e iv e d  the l a t t e r  p a r t  o f  August and were s u b je c te d  to  t re a tm e n ts  on 
August 29 .  The Ace bulbs a r r i v e d  in l a t e  October and were s u b je c te d  to  
t re a tm e n ts  on October 26.
A q u a n t i t y  o f  p o t t i n g  s o i l  was prepared  the f i r s t  ye a r  and was 
r e t a in e d  f o r  use throughout  the e x p e r im e n t .  W h i le  the n a t u r a l l y  cooled  
t re a tm e n ts  were o u t s i d e ,  both y e a r s ,  they were f e r t i l i z e d ,  i r r i g a t e d  and 
p r o t e c t e d  from the c o ld  as recommended by Box ( k ) . Temperatures were 
recorded f o r  a l l  t re a tm e n ts  o u t s i d e ,  in the r e f r i g e r a t o r  and l a t e r  in 
the greenhouse.
Bulbs o f  the r e f r i g e r a t e d  t re a tm e n ts  were p o t te d  January 7 ,  1963 
( f i r s t  crop)  and December 19, 1963 (second crop)  and p laced  on green­
house benches. P la n ts  from n a t u r a l l y  coo led t re a tm e n ts  were brought  t o  
the greenhouse on these same d a te s .  P la n ts  to be sampled were grouped 
a t  random among the r e p l i c a t e s  o f  those to  be grown to  m a t u r i t y .  The
l a t t e r  con ta ined  ten p la n t s  per t re a tm e n t ,  the t rea tm ents  a t  random in 
s i x  r e p l i c a t e s .  The beg inn ing  f o r c in g  tem perature  a t  n ig h t  was 50 degrees  
F ah re n h e i t  f o r  ten days fo l lo w e d  by 60 degrees F a h r e n h e i t .  Day temper­
a tu re s  were app ro x im ate ly  ten degrees h i g h e r .  A H  f l u c t u a t e d  accord ing  to  
p r e v a i l i n g  o u ts id e  c o n d i t io n s ,  e s p e c i a l l y  dur ing  the l a t t e r  p a r t  of  the  
growing season. Other c u l t u r e  was accord ing  to  accepted procedure.
Data were recorded on each p la n t  a t  a n th es is  o f  f i r s t  f lo w e r .
These inc luded ,  in a d d i t i o n  to  date o f  f i r s t  bloom, bloom number, bloom 
s i z e ,  p l a n t  h e ig h t  and number of  leaves .  Photographs were made when 
appropr  i a t e .
When a p p l i c a b l e ,  the data  were sub jec ted  to  s t a t i s t i c a l  a n a ly s is .
The da ta  ob ta ined  by sampling were compared w i t h  those obta ined  from 
mature p la n ts  to  determine  any r e l a t i o n s h i p  between food reserve and 
p la n t  per formance.
RESULTS AND DISCUSSION
The n a t u r a l l y  coo led Georg ia  l i l i e s ,  p la n t e d  September 7 ,  1962, began 
ro o t  growth about  one week a f t e r  p l a n t i n g ,  and they began to  produce stems 
soon a f t e r w a r d ,  The stems emerged from the s o i l  on a p p r o x im a t e l y  October  
26,  Growth o f  the  ro o ts  and stems, w i t h  r o s e t t i n g  o f  f o l i a g e ,  con t inued  
u n t i l  the p l a n t s  were c a r r i e d  to  the greenhouse on January  7. 1963*
During t h i s  i n t e r v a l ,  a massive ro o t  system and compact stem w i t h  f o l i a g e  
had been produced.  Th is  sequence o f  growth is p i c t o r i a l l y  i l l u s t r a t e d  
in P la te s  I I I  and IV .  The stage o f  development  a s h o r t  t ime a f t e r  f o r c i n g  
was s t a r t e d  can be seen in  P l a t e  IX.
Dur ing t h i s  p e r i o d ,  the r e f r i g e r a t e d  bulbs remained dormant.  They 
were p la n te d  and a l s o  p laced  in the greenhouse on January 7 ,  1963*
The n a t u r a l l y  cooled l i l i e s  began to  e lo n g a te  w i t h  f o r c i n g  and con­
t in u e d  u n t i l  j u s t  p r i o r  t o  f l o w e r i n g  on March 31* The e l o n g a t i n g  stems 
remained r e l a t i v e l y  compact as compared w i t h  those from the  r e f r i g e r a t e d  
b u lb s .  The l a t t e r ,  a f t e r  p l a n t i n g ,  began ro o t  and stem growth .  These 
never became as massive as the n a t u r a l l y  coo led  p l a n t s .  The stems 
emerged from the s o i l  about  February  7 ,  1963. These co n t in u ed  to  e lo n g a te  
u n t i l  j u s t  p r i o r  t o  f l o w e r i n g  on A p r i l  2k,  1963. A sequence o f  t h i s  
development is p resented  in  P l a t e  V. Comparisons in growth and compact­
ness o f  p la n t s  o f  the n a t u r a l l y  cooled and r e f r i g e r a t e d  t re a tm e n ts  may 
be noted in P la t e s  I I I ,  IV ,  V and IX.
At  f l o w e r i n g ,  the n a t u r a l l y  coo led bulbs produced more than tw ice  
the number o f  f lo w e r s  than the r e f r i g e r a t e d  bulbs ( P l a t e  IX and T a b le  I I ) .
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On the o th e r  hand, f lo w e r  d ia m e te r  was l e s s ,  but  l eng th  was the same in  
each o f  the two t r e a t m e n t s .  The n a t u r a l l y  coo led  p l a n t s  had a lower  
h e ig h t  and a g r e a t e r  number o f  leaves than the  r e f r i g e r a t e d  p l a n t s .  T h is  
r e f l e c t s  the s u p e r i o r i t y  in  compactness o f  the n a t u r a l l y  coo led  p l a n t s .
One might  conclude t h a t  t h i s  d i f f e r e n c e  in compactness was caused e n t i r e l y  
by r o s e t t i n g  d u r in g  n a t u r a l  c o o l i n g ;  however,  i n te rn o d a l  e l o n g a t i o n  by 
these p la n t s  d u r in g  f o r c i n g  was less than those o f  the r e f r i g e r a t e d  p la n t s  
( P l a t e  I X ) .  No d ou bt ,  most o f  the f o l i a g e  o f  the n a t u r a l l y  coo led p l a n t s  
was produced d u r in g  the n a t u r a l  c o o l i n g  p e r io d  and the  stems e lo n g a te d  
d u r in g  f o r c i n g .  W ith  the  r e f r i g e r a t e d  p l a n t s ,  much o f  the  f o l i a g e  was 
produced d u r in g  f o r c i n g ,  thus a t  a h ig h e r  t em p era tu re  d u r in g  which e l o n ­
g a t i o n  was u n i n h i b i t e d .  T h is  is  in agreement w i t h  Shoushan ( 4 0 ) .
F l o r a l  i n i t i a t i o n  was observed in the  n a t u r a l l y  coo led  p l a n t s  on 
January 24 ,  1963 and in the r e f r i g e r a t e d  p l a n t s  on Feb ru ary  22 ,  1963 
( F ig u re  I and P la te s  XI and XI l ) .  A s i m i l a r  d i f f e r e n c e  occurred  in dates  
o f  bloom, even though f o r c i n g  was begun a t  the same t ime f o r  the two t r e a t ­
ments ( P l a t e  I X ) .  Th is  d i f f e r e n c e  was p ro b a b ly  r e l a t e d  to  the d i f f e r e n c e s  
in p h y s io lo g i c a l  age o f  the two se ts  o f  bulbs which is governed in p a r t  
by te m p e r a tu r e .  The n a t u r a l l y  coo led  p l a n t s ,  by responding  to  an accumula­
t i o n  o f  tem pera tu re  above a t h r e s h o l d ,  were p h y s i o l o g i c a l l y  more m ature .  
T h is  concept  o f  growth to  m a t u r i t y  by p l a n t s  in p r o p o r t i o n  t o  tem p era tu re  
was a p p l i e d  t o  such crops as peas and corn and was c a l l e d  the h e a t - u n i t  
p r i n c i p l e .  L a t e r  i t  was a p p l i e d  t o  n a t u r a l l y  coo led  l i l i e s  ( 4 ) .
F l o r a l  i n i t i a t i o n  was determ ined  by s tu d y in g  changes in  the stem 
apex. As e l o n g a t i o n  o f  the stem began from the basal p l a t e  o f  the b u lb ,  
a broadening  o f  the apex was no ted .  Lea f  p r im o r d ia  c o n t in u e d  t o  form in  
an a c r o p e t a l  f a s h io n  up to  f l o r a l  i n i t i a t i o n .  The f l o r a l  i n i t i a l s  appeared
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fn a s i m i l a r  o rd e r  but  were broader  than l e a f  p r im o rd ia  and immediately  
began t o  e lo n g a te .  Th is  ev idence was used as the c r i t e r i o n  of  f l o r a l  
i n i t i a t i o n .  A sequence o f  development d e p ic t i n g  t h i s  change from the  
v e g e t a t i v e  t o  r e p r o d u c t iv e  stage is presented in P la t e  X.
Sampling o f  p la n ts  to  determine changes in dry m a t te r  and so lu b le  
s o l i d s  was begun when the t rea tm ents  were a p p l i e d  and was con t inued  a t  
i n t e r v a l s  up through the dates o f  f l o r a l  i n i t i a t i o n  (Tab le  I ) .
The l e v e l s  o f  dry  m a t te r  were considered  to  be most c r u c i a l  in de­
te r m in in g  the number o f  f lo w e rs  j u s t  p r i o r  to  and through f l o r a l  i n i t i ­
a t i o n .  T h e r e f o r e ,  sampling was d is c o n t in u e d  a t  the t ime i t  was observed  
t h a t  f l o r a l  i n i t i a t i o n  had o ccurred .  The amount o f  rese rve  food a t  t h i s  
stage c o n c e iv a b ly  would govern the number o f  f lo w e r s .  K i p l i n g e r  and 
M i l l e r  (21)  (28)  s t a t e d  t h a t  the amount o f  food w i t h i n  bulbs probably  
governs the number o f  f lo w e rs  s ince  la rge  bulbs have g r e a t e r  numbers 
than small  ones,  and they showed a p o s i t i v e  c o r r e l a t i o n  o f  bloom number 
and bulb s i z e .  In a d d i t i o n ,  Post (33)  showed t h a t  removal o f  bulb sca les  
reduced f lo w e r  number. Fur therm ore ,  i t  is w e l l  known t h a t  an accumula t ion  
o f  carbohydra tes  in many p l a n t s ,  such as f r u i t  t r e e s ,  is p o s i t i v e l y  as­
s o c ia te d  w i t h  increased f l o w e r i n g .
Whether  the dry  m a t te r  con ten t  o f  l i l i e s  is i n d i c a t i v e  o f  the c a r ­
bohydrate le v e l  is s p e c u l a t i v e ,  but  i t  is reasonable  to  assume t h a t  i t  
would be when comparing two b i o l o g i c a l l y  s i m i l a r  organisms growing in 
the same env ironm ent .  Many i n v e s t i g a t o r s  have used dry  m a t te r  as a 
c r i t e r i o n  o f  carbohydra te  c o n te n t .  For example ,  Scudder ( 3 9 ) ,  basing  
h is  method on the f in d in g s  o f  Kimbrough ( 1 9 ) ,  s t a t e d  t h a t  dry  w e ight  
a n a ly s is  is a v a lu a b le  bas is  f o r  s e l e c t i o n  o f  sweet p o ta to e s ,  s ince  i t  is 
c l o s e l y  c o r r e l a t e d  w i t h  s ta rc h  c o n te n t .  Th is  method was l i m i t e d  by dates
of  harvest  and o ther  f a c t o r s .  Whether dry matter  is in d ic a t iv e  of  the 
carbohydrate leve l  in l i l i e s  w i l l  be expounded upon l a t e r  in th is  paper.
In the 1962-63 crop, the n a t u r a l l y  cooled Georgia l i l i e s  grad­
u a l l y  decreased in dry weight  f o l lo w in g  p la n t in g  as root  and stem growth 
began. The dry m at ter  content  reached a leve l  s i g n i f i c a n t l y  less than 
the o r i g i n a l  level  about 12 weeks a f t e r  p la n t in g .  By th is  t ime,  stems 
had emerged and the f o l i a g e  had begun to ro se t te  and become fu nc t io na l  
In photosynthesis .  The leve l  o f  dry m at te r  then began to  increase and 
reached a maximum at  the t ime f l o r a l  i n i t i a t i o n  was observed (F igure  I 
and Table  I V ) .
In c o n t r a s t ,  the r e f r i g e r a t e d  bulbs did not decrease in dry weight  
u n t i l  p la n t in g  and f o r c in g  was s t a r t e d ,  i t  then decreased r a p id ly  and 
reached a leve l  s i g n i f i c a n t l y  less than the o r i g i n a l  by the time f l o r a l  
i n i t i a t i o n  was observed (F igure  I and Table IV ) .  Root and stem growth 
occurred e a r l i e r  but f o l i a g e  did not emerge and become fu n c t io n a l  in 
photosynthesis  u n t i l  about two weeks p r i o r  to  I n i t i a t i o n .
Comparisons were made o f  the dry m at ter  content between the two 
t reatments  from four  weeks p r i o r  to  f l o r a l  i n i t i a t i o n  up to i n i t i a t i o n  
(Table  I I I ) .  No s i g n i f i c a n t  d i f f e r e n c e  was noted u n t i l  one week p r i o r  
to i n i t i a t i o n  and a t  the t ime o f  i n i t i a t i o n .  In both cases, dry matter  
was g r e a te r  in the n a t u r a l l y  cooled p la n ts .
As shown in F igures 10 and 11, the dry matter  in the n a t u r a l l y  
cooled bulbs decreased from p la n t in g  to f l o r a l  i n i t i a t i o n  and increased  
In the stems and roo ts .  At i n i t i a t i o n ,  i t  was composed e q u a l ly  of  tha t  
of  bulbs ,  stems and roots .  On the o ther  hand, the dry m at ter  o f  the r e ­
f r i g e r a t e d  p lan ts  consis ted la r g e ly  of  bulbs.
The per cent so lub le  s o l id s  o f  the n a t u r a l l y  cooled p lants  p a r a l l e l
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c l o s e l y  the decrease in d ry  w e ig h t  up to  the t ime the f o l i a g e  became 
f u n c t i o n a l .  I t  then remained r e l a t i v e l y  s t a b l e  up to  f l o r a l  i n i t i a t i o n  
w h i l e  d ry  m a t t e r  Increased  ( F ig u r e  4 ) .  When comparing the stems and roots  
w i t h  the b u l b ,  the stem and bu lb  c o n ta in ed  about the same per  cen t  but  
the  ro o ts  c o n ta in e d  le s s .
The per cen t  s o l u b l e  s o l i d s  o f  r e f r i g e r a t e d  bulbs increased to  near ­
ly  double  t h a t  o f  f r e s h l y  ha rv e s te d  bulbs  (and those o f  the n a t u r a l l y  c o o l ­
ed t r e a tm e n t )  soon a f t e r  r e f r i g e r a t i o n  (F ig u r e  5 ) .  An e q u i l i b r i u m  was ap­
p a r e n t l y  reached between s ta rc h e s  and sugars and the sugar l e v e l  rem ain ­
ed s t a b l e  up to  p l a n t i n g  and f o r c i n g  t im e .  A p p a r e n t ly ,  r e s p i r a t i o n  then  
In c reased  g r e a t l y  w i t h  a r e s u l t i n g  d e p l e t i o n  o f  sugars and a decrease in  
dry  w e ig h t .  T h is  is  s i m i l a r  t o  an o b s e r v a t io n  made by Kimbrough (18)  when 
p o ta to e s  were moved from s to ra g e  t o  a h ig h e r  te m p e ra tu re .
I t  is  obvious from these comparisons o f  Georg ia  l i l i e s ,  n a t u r a l l y  
coo led  and r e f r i g e r a t e d  in 196 2 -63 ,  t h a t  the l e v e l  o f  dry  m a t te r  is 
c l o s e l y  a s s o c ia te d  w i t h  the  q u a l i t y  o f  p l a n t s .  I t  was g r e a t e r  in n a t u r a l ­
l y  coo led  p l a n t s  j u s t  b e fo r e  and a t  f l o r a l  i n i t i a t i o n  than in r e f r i g e r a t ­
ed p l a n t s .  The n a t u r a l l y  coo led  p l a n t s  in t u r n  were more compact and had 
a g r e a t e r  q u a n t i t y  o f  blooms than the r e f r i g e r a t e d  p l a n t s .
The n a t u r a l l y  coo led  Georg ia  l i l i e s  p l a n t e d  August 29 ,  1963 (second 
cro p )  responded in a s i m i l a r  manner.  Root growth was e a r l y  (about  Sep­
tember 7) and f o l i a g e  emerged about  October  31 .  Root growth and r o s e t t -  
ing o f  f o l i a g e  con t inued  u n t i l  December 19 a t  which t ime f o r c i n g  was be­
gun. E l o n g a t i o n  then began, f l o r a l  i n i t i a t i o n  occurred  by January 20 
( F ig u r e  2 and P l a t e  X I I I )  and f l o w e r i n g  occ ur re d  on A p r i l  *4, 1964.
The r e f r i g e r a t e d  l i l i e s  o f  t h i s  second crop  a l s o  responded in a 
s i m i l a r  manner to  those r e f r i g e r a t e d  in 196 2 -63 .  Root and stem growth
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began soon a f t e r  p la n t in g  (December 19) but the f o l i a g e  d id  not emerge 
and become fu n c t io n a l  in photosynthesis  u n t i l  a f t e r  January 30,  a short  
time p r i o r  to  f l o r a l  i n i t i a t i o n .  Again ,  as in the f i r s t  crop,  f l o r a l  
i n i t i a t i o n  and f lo w e r in g  were much l a t e r  than in  the n a t u r a l l y  cooled  
p l a n t s .  I n i t i a t i o n  was observed on February 17 (F igure  2 and P la te  
XIV)  and f lo w e r in g  occurred on A p r i l  23,  196A.
Table IV and F igure  2 present  data  which i l l u s t r a t e  changes in 
dry m at te r  content  f o r  the 1962-63 crop.  Again ,  they show t h a t  dry  
weight  decreased to  a s i g n i f i c a n t  leve l  in the n a t u r a l l y  cooled p lan ts  
j u s t  p r i o r  to r o s e t t in g  o f  f o l i a g e  but then increased and reached a maxi­
mum a t  about the t ime f l o r a l  i n i t i a t i o n  occurred.  On the o ther  hand, the 
data show t h a t  dry m at te r  was s ta b le  in the r e f r i g e r a t e d  bulbs up to  
p l a n t in g  when ?t decreased and was s i g n i f i c a n t l y  less than the n a t u r a l l y  
cooled p la n ts  p r i o r  to  and a t  f l o r a l  i n i t i a t i o n  (Table  I I I ) .
F igures 6 ,  7 ,  12 and 13 i l l u s t r a t e  th a t  the same p a t t e r n  o f  dry 
weights  and per cent so lub le  s o l id s  o f  bu lbs ,  stems and roots e x is t e d  
fo r  t h i s  second crop.
As w i th  the f i r s t  crop,  t h i s  g r e a te r  q u a n t i t y  o f  dry m a t te r  in the 
n a t u r a l l y  cooled l i l i e s ,  as compared to  th a t  o f  the r e f r i g e r a t e d  l i l i e s ,  
was r e f l e c t e d  in b e t t e r  performance of  the n a t u r a l l y  cooied stock (Table  
I I ) .  These p lan ts  a t  m a t u r i t y  were more compact, had a g r e a t e r  q u a n t i t y  
of f o l i a g e  and were sh o r te r  than r e f r i g e r a t e d  p l a n t s .  In a d d i t io n  the  
bloom number was doubled, though f lo w e r  d iam eter  was less ,  and the p lan ts  
forced  in a s h o r te r  per iod o f  t im e.
Bulbs o f  the Ace v a r i e t y  were rece ived  and sub jec ted  to  t reatment  
l a t e r  than those o f  the Georgia  v a r i e t y  both yea rs .  This was due to  
t h e i r  being grown In C a l i f o r n i a  where h a rve s t in g  is l a t e r  than in the
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South .  In 1962, they were not sub jec ted  to  t re a tm e nt  u n t i l  November 12. 
Because o f  l a t e  p l a n t in g  and d ecreas ing  tem pera tu res ,  n a t u r a l l y  cooled  
p la n t s  o f  the Ace v a r i e t y  d id  not  beg in  to  r o s e t t e  u n t i l  s h o r t l y  be fo re  
f o r c i n g  was begun. As a r e s u l t ,  changes in dry w e ight  and per  cen t  
s o lu b le  s o l id s  were very  s i m i l a r  f o r  the two t rea tm ents  (both s i m i l a r  to  
the r e f r i g e r a t e d  Georgia  v a r i e t y )  up to  and s l i g h t l y  f o l l o w in g  the date  
f o r c i n g  was begun (F ig u res  3 .  8 ,  9 ,  1** and 15 ) .  However,  a study o f  
P la tes  V I ,  V I I  and IX shows t h a t  ro o t  and stem development was much g r e a t ­
e r  and became f u n c t io n a l  sooner in the n a t u r a l l y  cooled p la n ts  than in the  
r e f r i g e r a t e d  p l a n t s .  Th is  a p p a r e n t ly  caused a co n s id e ra b le  d i f f e r e n c e  in 
dry m a t te r  p r i o r  to  and a t  f l o r a l  i n i t i a t i o n  (Table  111 and I V) .  T h i s ,  
as w i t h  the Georgia v a r i e t y ,  was p o s i t i v e l y  ass o c ia te d  w i t h  a s u p e r io r  
p la n t  a t  m a t u r i t y  (Tab le  I I  and P la t e  I X) .
N a t u r a l l y  cooled p la n ts  had more, though s m a l le r  blooms, and more 
leaves .  He igh t  to  the lower p ed ice l  was the same f o r  both t re a tm e n ts ,  
but the o v e r a l l  h e ig h t  was g r e a t e r  f o r  the n a t u r a l l y  cooled p l a n t s .  Th is  
was a r e f l e c t i o n  o f  the g r e a t e r  bloom number.
F l o r a l  i n i t i a t i o n  had occurred in both t re a tm e n ts  by February 15 
( P la te s  XV and XVI and F ig u re  3 ) .  F lo w e r in g  occurred on A p r i l  16, 1963 
f o r  the n a t u r a l l y  cooled p la n ts  and on A p r i l  19, 1963 f o r  the r e f r i g e r a t ­
ed p l a n t s .
Bulbs o f  the Ace v a r i e t y  were su b jec ted  to  t re a tm e n t  f o r  the second 
crop on October 26 ,  1983. Analyses were made but the da ta  were c o n s id e r ­
ed i n v a l i d  and are  not  included in t h i s  paper .
During the t re a tm e n t  p e r io d ,  both lo ts  showed c o n s id e ra b le  v a r i a ­
t i o n  In growth .  P la t e  V I I I  i l l u s t r a t e s  t h i s  d i v e r s i t y .  In examin ing  
the p l a n t s ,  i t  was noted t h a t  some were h e a l t h y  and grew n o rm a l ly .
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Others had stems fn var io u s  stages o f  e lo n g a t i o n ,  both w i t h  and w i th o u t  
r o o t s .  C loser  o b s e rv a t io n  revea led  t h a t  i n v a r i a b l y  the l a t t e r  k ind  had 
basal  p l a t e s  in  va r io u s  stages o f  d e t e r i o r a t i o n .  O f te n ,  the basal  p a r t  
o f  the e longa ted  stem would become severed from the basal p l a t e .  I f  
stem roots  had emerged, the stem would con t inue  to  e lo n g a te  out  past  
the "nose" o f  the bu ib  and would e v e n t u a l l y  grow on to  m a t u r i t y .
This o b s e rv a t io n  was o f  g r e a t  i n t e r e s t ,  s ince  the same phenomenon 
has o f t e n  been observed to  a more o r  less degree in l i l y  c rops .  Casual  
o b s e rv a t io n  would i n d ic a t e  no apparent  r o t  in the bulb  and stem and as 
a r e s u l t ,  the malady would be a t t r i b u t e d  to  immature bulbs or  improper  
p r e c o o l i  ng.
Only by c a r e f u l l y  d i s s e c t i n g  the bulb could the  r o t  be seen. Th is  
is  i l l u s t r a t e d  in P la t e  V I I I .
In g e n e r a l ,  the  d a ta  reve a l  t h a t  the same general  growth p a t t e r n  
and changes in dry w e ight  and per cen t  t o t a l  so lu b le  s o l id s  occurred  
between t re a tm e n ts  f o r  both v a r i e t i e s  and y e a r s .  In a l l  cases,  increases  
in dry m a t te r  j u s t  p r i o r  to  and a t  f l o r a l  i n i t i a t i o n  ( a p p a r e n t ly  the 
c r u c i a l  t im e)  was ass o c ia te d  w i t h  the s u p e r io r  performance o f  the  n a t ­
u r a l l y  cooled p l a n t s .  Th is  was m a n i fe s te d  by increased bloom number, 
more leaves and a s h o r t e r ,  more compact, more a t t r a c t i v e  p l a n t .  However,  
when comparing the t o t a l  dry weights  between v a r i e t i e s  o r  between years  
f o r  the same v a r i e t y  and t r e a t m e n t ,  one f in d s  t h a t  t h i s  a s s o c i a t i o n  
does not e x i s t  com p le te ly  (Tab le  V ) .
As an example ,  in comparing dry  m a t te r  and va lues  o f  mature p la n ts  
o f  the n a t u r a l l y  cooled t re a tm e n t  f o r  1962-63 w i t h  those o f  1963*6^+. 
bloom number is the same but  dry  m a t te r  p r i o r  to  and a t  f l o r a l  i n i t i a ­
t i o n  is s i g n i f i c a n t l y  d i f f e r e n t .  A ls o ,  the number o f  leaves is d i f f e r e n t .
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By spe cu la t in g ,  one might suspect th a t  temperature was a f a c t o r  
since i t  was s l i g h t l y  h igher dur ing the c r i t i c a l  period p r i o r  to i n i t i a ­
t io n  in 196*4 (Table V I I ) .  However, i f  th is  were the cause, i t  would 
seem log ic a l  to  expect a corresponding decrease in dry weight caused by 
a reduct ion in carbohydrates.  This was not the case.
Another possib le  exp lan a t ion  based upon the degree o f  s ig n i f ic a n c e  
o f  dry weight d i f f e r e n c e s  can be g iven.  The increase in bloom number 
w ith  increase in dry weight could be in proport iona l  increments that  
would r e g i s t e r  a s i g n i f i c a n t  increase in one before another when s ta ­
t i s t i c s  are a p p l ie d .  K ip l in g e r  and M i l l e r  (28) showed that  a p o s i t iv e  
c o r r e l a t i o n  e x is te d  between bulb s ize  and bloom number. However, i t  is 
wel l  known tha t  an increase in bulb s ize  from 5 -6  inches to 6 -7  inches 
only Increases the bloom number s l i g h t l y .  On the other hand, bulb weight  
of the 6 -7  inches s ize  is increased in excess of  100 per cent of th a t  of  
the 5 -6  inches s iz e .  The two are th e re fo re  not d i r e c t l y  p r o p o r t io n a l .
S t i l l  another exp lan a t ion  might be in agreement w i th  the re s u l ts  
presented by Blaney e t  al ( 2 ) ,  and by M i l l e r  and K ip l in g e r  ( 2 9 ) .  The ir  
concept is tha t  d iu rn a l  f lu c t u a t i o n s  in temperature p r i o r  to bulb har­
vest  (and poss ib ly  t rue o f  n a t u r a l l y  cooled p lan ts )  are manifested l a t e r  
during fo rc in g  and cause d i f f e r e n c e s  in p lan t  performance. They did not 
associate  these d i f f e r e n c e s  w i th  food reserves.  I t  is possib le  th a t  the 
d iu rna l  f lu c t u a t i o n s  f o r  the 196*4 crop caused a d e le te r io u s  e f f e c t  on 
bloom number.
A c lue to a more p la u s ib le  cause can be detected in Table VI and 
V I I .  These data show th a t  the carbohydrate level  is not p ropo rt iona l  to 
dry m a t te r .  As the dry m at ter  increased in n a t u r a l l y  cooled p la n ts ,  and 
as the p lan ts  matured, the proport ion  of carbohydrates to o ther  components
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o f  the dry m at te r  g r a d u a l ly  became less .  T h e re fo re ,  a h igher  tempera­
tu re  {or o ther  f a c t o r )  could have caused a d e p le t io n  o f  carbohydrates in 
the 196A n a t u r a l l y  cooled p lan ts  w i th o u t  a corresponding m a t e r ia l  de­
crease in dry w e ig h t .  A lower bloom number would be the r e s u l t .  The 
l a t t e r  did occur.
I t  can be seen in Table  VI t h a t  on January 12, the carbohydrate  
leve l  was g r e a te r  f o r  the r e f r i g e r a t e d  t rea tm ent  than f o r  the n a t u r a l l y  
cooled ,  though there  was no d i f f e r e n c e  in dry w e ig h t .  U n fo r t u n a t e ly ,  
these data were secured on a predetermined chrono log ica l  basis  to pro­
v ide a general  idea of  p la n t  composit ion.  They were secured 12 days 
p r i o r  to f l o r a l  i n i t i a t i o n  in n a t u r a l l y  cooled p lan ts  and 4 l  days p r i o r  
to f l o r a l  i n i t i a t i o n  in r e f r i g e r a t e d  p la n ts .
Carbohydrate dete rm in a t ions  made on the basis o f  p h y s io lo g ic a l  age 
would have provided data  f o r  conclusions r a th e r  than s p e c u la t io n s .  How­
e v e r ,  i t  might be o f  i n t e r e s t  to specu la te  what th is  leve l  might have 
been in the r e f r i g e r a t e d  p la n ts  a t  f l o r a l  i n i t i a t i o n .
As s ta ted  p re v io u s ly  in t h is  paper,  dry m at te r  or r e f r i g e r a t e d  
p lan ts  a t  i n i t i a t i o n  was c h i e f l y  from bulbs.  Thus, one might be c o r r e c t  
in assuming th a t  the carbohydrate leve l  in r e f r i g e r a t e d  p lan ts  would be 
even g r e a te r  a t  f l o r a l  i n i t i a t i o n  than in n a t u r a l l y  cooled p lan ts  since  
they con ta in  less f i b e r ,  ash and p r o te in s  as compared to  th a t  of  n a t u r ­
a l l y  cooled p la n ts  a t  th is  s tage.  Since there  is l i t t l e  doubt o f  the im­
portance of the carbohydrate leve l  to number of  blooms, and i f  the above 
statement were t r u e ,  then the problem might be one of s ta rch  d ig e s t io n  
and t r a n s l o c a t io n .  This has some m e r i t  based on the hypothesis o f fe r e d  
by Hasse lbr ing  and Hawkins ( 1 5 ) .  They b e l i e v e  t h a t  change of  s tarches  
to  sugars in potatoes is in h ib i t e d  by v ine a c t i v i t y .
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Since the deve lop ing  stem of  r e f r i g e r a t e d  l i l i e s  is f u n c t io n in g  
very  l i t t l e  in photosynthes is  and s ince  f l o r a l  i n i t i a t i o n  is dependent  
upon food s to red  in the b u lb ,  any i n h i b i t i o n  o f  s ta rc h  d i g e s t i o n  and 
t r a n s f e r  o f  s o lu b le  compounds would cause reduced bloom number. Carbo­
hyd ra tes  could be g r e a t e r  in th e s e ,  as compared t o  n a t u r a l l y  cooled  
p la n t s  w i t h  a c t i v e  p h o to s y n th e s is ,  and bloom number le s s .
The s p e c u la t io n  t h a t  s t a r c h  d i g e s t i o n  might  be a problem assumes 
more importance when one con s id e rs  t h a t  per cen t  s o lu b le  s o l id s  o f  
r e f r i g e r a t e d  p la n ts  dropped in p r o p o r t io n  t o ,  or  more r a p i d l y  than,  
dry  m a t te r  a t  about f l o r a l  i n i t i a t i o n  (F igures  5 ,  7,  9 ) -  Th is  means 
t h a t  the t o t a l  a v a i l a b l e  sugars was le s s .  Th is  would seem to  i n d ic a t e  
t h a t  s o lu b le  substances were be ing  u t i l i z e d  more r a p i d l y  than in s o lu b le  
substances were being d ig e s te d .
T h is  th in k in g  could  a ls o  be a p p l i e d  to  d i f f e r e n c e s  noted in t h is  
study between the v a r i e t i e s .  P lan ts  o f  the Ace v a r i e t y  produced about  
h a l f  the number o f  f lo w e r s  as the Georgia  v a r i e t y  even though dry m a t te r  
and carbohydra tes  were more than double .  However,  g e n e t i c a l ,  p a t h o l o g i ­
ca l  or  o th e r  f a c t o r s  should not be over looked  (13> 38,  **7).
The d a ta  presented  in t h i s  paper  show w i th o u t  doubt th a t  a r e l a ­
t io n s h ip  e x i s t s  between dry w e ig h t  and q u a l i t y  when p la n t s  o f  the same 
v a r i e t y  a re  precooled  d i f f e r e n t l y  and grown in the same env ironm ent.  How­
e v e r ,  c e r t a i n  d is c re p a n c ie s  in the da ta  w a r ra n t  a d d i t i o n a l  s tu d ies  o f  
carbohydra te  l e v e ls  and s ta r c h  d i g e s t i o n  and t r a n s l o c a t i o n .
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Tab le  I .  Sampling dates  and mean we ights  o f  bulbs o f  samples o f  Geor­
g ia  and Ace 1 i 1 i e s .
Georgia  V a r i e t y Ace V a r i e t y
1962-63 19*3-61* 1962-63
Mean
Wetqht  (Grams) 
Sampling Nat.
Dates Cooled R e f .
Mean 
Weight  (Grams) 
Samp I i  ng N a t .
Dates Cooled Ref .
Mean
Weight  (Grams) 
Sampling N a t .
Dates Cooled R e f .
Sept.. 7 2 8 .8 2 8 . 8 Aug. 29 3 3 . 9 3 3 . 9 Nov. 15 6 3 . 7 6 3 . 7
Sept . 21 31.1 3 1 .4 S e p t . 30 3 3 -8 3 3 .8 Nov. 29 6 3 . 6 6 3 . 7
Oct. 5 3 0 .4 3 1 .0 Oct. 21 3 3 .7 3 3 .7 Dec. 6 6 4 .0 6 4 .7
Oct. 19 3 0 .7 3 1 .5 Nov. 11 3 3 .7 33 -7 Dec. 13 6 2 . 6 6 3 .0
Oct. 26 3 0 . 9 31.1 Nov. 25 3 3 .3 33 -3 Dec. 20 6 3 . 6 6 4 .7
Nov. 2 3 0 .8 2 9 . 9 Dec. 9 3 3 -6 33 -9 Dec. 27 6 4 . 9 6 4 .2
Nov. 9 31.1 30 .3 Dec. 16 3 4 .0 3 3 . 9 Jan. 3 6 4 . 6 6 4 . 4
Nov. 16 3 0 .7 3 0 .4 Dec. 23 35.1 3 4 .3 Jan. 10 6 3 . 2 6 3 . 4
Nov. 23 3 0 . 8 30 .7 Dec. 30 3 3 . 6 3 3 . 6 Jan. 17 6 4 .3 6 4 .2
Nov. 30 3 0 .6 3 0 .8 Jan. 6 3 3 .5 3 3 .6 Jan. 24 6 4 . 2 6 4 .3
Dec. 7 30 .5 3 0 .8 Jan. 13 3 4 .5 3 4 .5 Feb. 1 6 3 .3 6 4 .2
Dec. 14 3 0 .4 31.1 Jan. 20 3 4 .3 3 4 .3 Feb. 15 6 5 .0 6 4 . 4
Dec. 21 2 9 . 9 3 0 .3 Jan. 27 3 3 .5 3 3 .5
Dec. 28 2 9 . 9 3 0 .2 Feb . 3 ------- 3 4 .4
Jan. 4 2 9 .3 3 0 .4 Feb. 10 ------- 3 3 - 9
Jan. 11 2 9 . 6 2 9 .5 Feb . 17 ------- 3 4 .0
Jan. 17 3 0 .4 3 0 . 8 Feb. 25 3 3 . 0
Jan. 24 3 0 . 8  3 0 .4
Feb. 1 3 0 .2  3 0 .6
Feb. 15 3 0 .8  31.1
Feb. 22 --------  3 0 .4
Feb. 29 --------  3 0 . 9
Table I I .  Values o f  mature Easter l i l y  p lants  fo l low ing  natura l  cooling and r e f r i g e r a t i o n .
Mean
Flower Days Numbe r
Plant  Heiqht  in Inches 
Lower Upper
Treatments INumber Diameter Length to Force o f  Leaves Ped i c e 1 Ped i c e 1
Georgia V a r ie ty ,  1962-63
Natura l1y cooled 6 . 3 * * 5 .0 5 .5 83 7 2 * * 13.2 19.3
R e f r ig e ra te d 2 .9 5 . 5 * 5.5 10?** 48 1 7 .4 * * 2 4 . 2 * *
Georgia V a r i e t y ,  1963-64
N a tu r a l l y  cooled 6. 6 * * 4 . 9 5.5 106 8 0 * * 11.9 17.1
R e f r ig e ra te d 2 . 9 5 . 1 * 5 .5 125** 54 1 5 .1 * * 1 9 .6 * *
Ace V a r ie t y .  1962-63
N a tu r a l l y  cooled 3 . 6 * * 5 .2 5 .5 99 7 1 * * 10.5 16 .4*
Re fr i  gerated 1.7 5 . 4 * 5-6 102 65 10.0 14.7
^ S ig n i f i c a n t  a t  5% level  o f  p r o b a b i l i t y  
* * S t g n i f i c a n t  a t  1% level  of  p r o b a b i l i t y
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Table  I I I .  Comparison by weeks o f  mean dry weights in grams of  n a t u r a l l y  
cooled and r e f r i g e r a t e d  l i l i e s  from four  weeks p r i o r  to  f l o ­
r a l  i n i t i a t i o n  up to  i n i t i a t i o n .
Weeks P r io r  
to  F lo r a l  
In i  t i a t i o n







N a t . 
Cooled Ref .
I n i t i a t i o n 9 . 7 1 * * 7 .28 1 1 .6 3 * * 8 .43 2 1 . 13* * 19-57
1 9 . 5 5 * 7 .95 1 1 . 3 4 * * 8 .4 0 2 1 . 0 7 * * 20 .10
2 8 .9 9 8 .57 10.34 9 .8 2 21 .52 20 .90
3 8 .5 7 8 .6 0 9.71 9 .02 21 .54 21 .04
4 8 .4 4 8.71 9 .9 0 9 .7 5 20 .44 20.51
S i g n i f i c a n t  a t  5% leve l  o f  p r o b a b i l i t y  





















F l u c t u a t i o n s  o f  d ry  w e ig h ts  from the o r i g i n a l  w e ig h ts  in  
l i l i e s  f o r  I n d i v i d u a l  t re a tm e n ts .
Mean Dry Weights in Grams





R e f .
N a t .
Cooled R e f .
Ace 
< 9*2 -63
N a t .
Cooled R e f .
8 .71
9 . M
8 . 9 9
8 .41  
8 . 5 9  
8.01 
8 . 1 9
8 . 0 7  
7 . 9 6  
7 . 4 8 *
8.08 
8 .31  
7 .9 0  
8 . 4 4  
8 . 5 7
8 . 9 9  
9 . 5 5  





9 . 2 4
9 . 2 5  
8 .8 5  
Q.Sk
8 . 7 0
9 . 2 9  
8 . 7 8
9 . 3 0
8 .5 7  
8 . 9 0  
8 . 8 4  
9.06 
8 . 5 4
8 .71  
8.60
8 . 5 7
9.86
9 . 4 0
8 . 8 0
9.86
9.01
8 . 9 2
7 . 7 0 *
8 .51
9 .6 5  
9 - 6 9  
9 - 9 0  
9 .71  
1 0 .34  
1 1 . 3 4 *
11 . 6 3 * 1 
1 1 . 5 7 *  
(Cont i nued)
9 .21
8 . 9 8
9 . 1 9





9 . 7 5
9.02
2 1 .0 5  
2 0 .8 5  
2 1 . 5 2  
2 0 .8 3  
2 0 .3 2  
21.28 
21.88 
2 0 . 4 4  
2 1 . 5 4  
2 1 . 5 2  
2 1 .07
2 1 .0 5  
2 1 .3 4  
21.82 
20.58
2 1 . 5 0
21.05 
2 1 .4 4
20.51  
2 1 .0 4  
2 0 .9 0  
20 . 10*
2 1 . 1 3 1 1 9 . 5 7 * * *
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Tab le  IV .  (Cont inued)
22     9.82
23 9 . 1 8  7 . 9 5 *  8 . 4 0 *
I 1
24 7 . 2 8 *  8 . 4 3 *
25 7 . 1 2 *  8 . 3 5 *
^ S i g n i f i c a n t  a t  5% l e v e l  o f  p r o b a b i l i t y  
i g n i f i c a n t  a t  1% l e v e l  o f  p r o b a b i l i t y
^ F lo r a l  i n i t i a t i o n  had occurred  a t  t ime o f  t h i s  sample.
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Tab le  V. Comparison o f  va lues  o f  n a t u r a l l y  cooled and r e f r i g e r a t e d  
Georg ia  l i l i e s  by y e a r s .
Mean
Number  Dry W eight  in Grams
Years Blooms Leaves Or i q i n a i  * Four
2
Week Per iod
N a tu r a l ly  Cooled
1962-63 6 . 3 7 2 .3 8 . 7 9 .1
1963-64 6 . 6 8 0 . 1 * * 9 . 9 1 0 . 7 *
Ref r  i a e r a te d
1962-63 2 . 9 4 8 . 3 8 . 7 8.1
1963-64 2 . 9 5 3 . 8 * * 9 . 9 8 . 9
^ S i g n i f i c a n t  a t  5% le v e l  o f  p r o b a b i l i t y  
* * S i g n i f i c a n t  a t  1% le v e l  o f  p r o b a b i l i t y
Dry w e ig h ts  o f  bu lbs a t  the b e g in n in g  o f  t r e a tm e n ts .  
Three  weeks p r i o r  t o  and through f l o r a l  i n i t i a t i o n .
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T ab le  V I .  Composit ion o f  l i l y  p l a n t s ,  196 2 -6 3 ,  on a m o i s t u r e - f r e e  b a s is .
Grams
Date
T o t a l
Dry
Wefqht C arbohydra tes  S ta rc h e s  Suaars Ni t ro qen P r o t e 1ns Res i due ^
G eorq ia  -  N a t u r a l l y  Cooled
9 / 7 8 .71 5 .91 5 . 7 7 0 . 1*+ 0 . 1 6 0 . 9 9 1.81
10 /26 8 . 6 0 5.*+*+ **.88 0 .5 7 0 . 1 7 «.05 2 . 1 0
11/23 7 .9 6 *♦.10 3 .11 0 . 9 8 0 . 1 6 0 . 9 8 2 . 8 8
12 /15 8 . 3 0 3 . 8 0 2.7*+ 1.05 0 . 1 5 0 . 9 8 3 -5 2
1/12 8 . 9 9 3.*+3 2 . 0 2 1 .*+2 0 . 1 8 1 .13 *♦.*♦2
G eo rq ia  - R e f r i q e r a t e d
9 / 7 8 .71 5 .91 5 . 7 7 0 . I*+ 0 . 1 6 0 . 9 9 1.81
10 /26 9 . 2 5 5 . 8 6 *+.78 1 .07 0 . 1 7 1 .0 9 2 . 3 0
11/23 9 - 2 9 6 . 0 8 *+.9*+ 1.15 0 . 1 7 1 .09 2 . 1 2
12 /15 8 . 5 7 5 . 5 0 *+.*+*+ 1 .06 0 . 1 6 1.01 2 . 0 6
1 /12 8.5*+ 5 - 9 6 *+•97 0 . 9 9 0 . 1 6 1 .00 1 .58
Ace -  N a t u r a l l y  Cooled
11 /15 2 1 .0 5 15 .86 15. 11 0 . 6 7 0 .3 1 1.92 3 . 2 7
12 /20 20 .31 13 .87 10 .80 3 .0 7 0 . 2 9 1.8*+ *+.60
1/2*+ 2 0 .6 7 15 .22 12 .39 2 .8 3 0.3*+ 2 . 0 9 3 -3 6
Ace -  R e f r i a e r a t e d
11 /15 2 1 .0 5 15 .8 6 15.11 0 . 6 7 0 .31 1 .92 3 .2 7
12 /20 2 1 .5 0 l*+.33 9 . 7 2 *+.61 0 . 2 9 1.82 5 .3 5
1/2** 2 0 . 9 0 15 .35 13.03 2 .3 3 0 .31 1 .92 3 .6 3
Crude f i b e r ,  crude f a t s ,  o r g a n ic  a c i d s ,  m in e r a ls  and m i s c e l l a n e ­
ous minor m a t e r i a l s .
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Table  V I I .  Weekly temperature  means beg inning three  weeks p r i o r  to  
f l o r a l  i n i t i a t i o n  and c o n t in u in g  f o r  th ree  weeks a f t e r  
f l o r a l  i n i t i a t i o n .
Mean Temperature ( ° F . )  
Weeks____________________________________  1962-63 1963-6**'
3 5 5 .8 56.3
2 55.** 67.*+
1 59 .5 6 4 .3
In i  t i a t i o n 6 2 .6 6 8 .2
1 6 9 .3 64.  1
2 71 .2 6 4 . 6
















  N a t u r a l l y  cooled





0 2 k 6 8 10 12 \U 16 18 20  22 2*+ 26
Weeks
F ig u re  1. Comparison of  t o t a l  dry  w e ig h ts  o f  e n t i r e  p la n t s  o f  n a t u r a l l y  
cooled and r e f r i g e r a t e d  Georgia  l i l i e s ,  1962*63.  a -C o o l in g  
t re a tm e n ts  began September 7* b -Approximate  d a te  o f  f o l i a g e  
emergence (October 26 ,  n a t u r a l l y  cooled and February  7 ,  r e f r i g ­
e r a t e d ) .  c-Greenhouse f o r c i n g  began January 7 .  d - F l o r a l  
i n i t i a t i o n  had occurred  ( n a t u r a l l y  c o o le d ,  January 2k  and r e ­
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F ig u r e  2 .  Comparison o f  t o t a l  d ry  w e ig h ts  o f  e n t i r e  p l a n t s  o f  n a t u r a l l y  
coo led  and r e f r i g e r a t e d  Georg ia  l i l i e s ,  1963 -64 .  a - C o o l in g  
t re a tm e n ts  began August 29 .  b -Approx im ate  d a te  o f  f o l i a g e  
emergence (October  31> n a t u r a l l y  coo led  and January 30 ,  r e f r i g ­
e r a t e d ) .  c-Greenhouse f o r c i n g  began December 19- d - F l o r a l  
i n i t i a t i o n  had occ ur re d  ( n a t u r a l l y  c o o le d ,  January 20 and r e ­
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Figure 3- Comparison of t o t a l  dry weights of  e n t i r e  p lants  of  n a t u r a l l y  
cooled and r e f r i g e r a t e d  Ace l i l i e s ,  1962-63. a -Coo l ing  t r e a t ­
ments began November 12. b-Approximate date o f  f o l i a g e  em­
ergence (December 13, n a t u r a l l y  cooled and February 1, r e f r i g ­
e r a t e d ) .  c-Greenhouse fo rc in g  began January 7.  d - F lo r a l  
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! 4.  The r e l a t i o n s h i p  of  t o t a l  dry weights  f l u c t u a t i o n  o f  e n t i r e  
p la n ts  of  n a t u r a l l y  cooled Georgia l i l i e s  to  per cent so lub le  
s o l id s  of  t h e i r  ro o ts ,  bulbs and stems, 1962-63 .  a -C o o l in g  
t reatments  began. b-Approximate date  o f  f o l i a g e  emergence.  
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F igure  5 .  The r e l a t i o n s h i p  o f  t o t a l  dry weights  f l u c t u a t i o n  of  e n t i r e  
p lan ts  o f  r e f r i g e r a t e d  Georgia l i l i e s  to  per  cent  so lu b le  
so l id s  o f  t h e i r  r o o ts ,  bulbs and stems, 196 2 —6 3 • a -C o o l in g  
t reatments  began. b-Approximate date  o f  f o l i a g e  emergence.  
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Figure  6 .  The r e l a t i o n s h i p  of  t o t a l  dry weights f l u c t u a t i o n  o f  e n t i r e
p la n ts  o f  n a t u r a l l y  cooled Georgia l i l i e s  to  per cent so lub le  
s o l id s  of  t h e i r  r o o ts ,  bulbs and stems, 1963-64.  a -Cool ing  
t rea tm ents  began. b-Approximate date  o f  f o l i a g e  emergence.  
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Figure 7. The r e l a t i o n s h i p  o f  t o t a l  dry w e ights  f l u c t u a t i o n  o f  e n t i r e  
p la n t s  of  r e f r i g e r a t e d  Georgia  l i l i e s  t o  per cent  so lu b le  
s o l i d s  o f  t h e i r  r o o t s ,  bulbs and stems, 1963-6*4- a -C o o l in g  
t re a tm e n ts  began. b -Approximate  da te  o f  f o l i a g e  emergence.  
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F ig u r e  8 .  The r e l a t i o n s h i p  o f  t o t a l  d ry  w e ig h ts  f l u c t u a t i o n  o f  e n t i r e  
p l a n t s  o f  n a t u r a l l y  co o le d  Ace l i l i e s  t o  per  c en t  s o l u b l e  
s o l i d s  o f  t h e i r  r o o t s ,  bu lbs  and s tems,  1 9 6 2 -6 3 .  a - C o o l i n g  
t r e a tm e n ts  began.  b -A p p ro x im ate  d a te  o f  f o l i a g e  emergence.  
c-Greenhouse f o r c i n g  began.  d - F l o r a l  i n i t i a t i o n  had o c c u r ­
red .
*47
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Figure  9,  The r e l a t i o n s h i p  of  t o t a l  dry weights  f l u c t u a t i o n  o f  e n t i r e  
p la n ts  o f  r e f r i g e r a t e d  Ace l i l i e s  to  per cent  so lub le  s o l id s  
of t h e i r  ro o ts ,  bulbs and stems, 1962-63. a -C oo l ing  t r e a t ­
ments began. b-Approximate date o f  f o l i a g e  emergence, c -  
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F ig u r e  10. Comparison o f  t o t a l  dry w e ig h ts  o f  the e n t i r e  p la n t  w i t h  
those o f  the component p a r ts  ( r o o t s ,  bulbs and stems) of  
n a t u r a l l y  cooled Georgia  l i l i e s ,  1962-63 .  a -C o o l in g  t r e a t ­
ments began. b -Approximate d a te  o f  f o l i a g e  emergence.  
c-Greenhouse f o r c in g  began. d - F l o r a l  i n i t i a t i o n  had oc­
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Figure  I I .  Comparison o f  t o t a l  dry weights  o f  the e n t i r e  p la n t  w i th  
those o f  the component p a r ts  ( r o o ts ,  bulbs and stems) of  
r e f r i g e r a t e d  Georgia  l i l i e s ,  1962-63.  a -C o o l in g  t r e a t ­
ments began. b-Approximate date  o f  f o l i a g e  emergence.  
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F ig u r e  12. Comparison o f  t o t a l  d ry  w e ig h ts  o f  the e n t i r e  p l a n t  w i t h  
those o f  the component p a r t s  ( r o o t s ,  bu lbs and stems) o f  
n a t u r a l l y  coo led  G eorg ia  l i l i e s ,  1963-6*4. a - C o o l in g  t r e a t ­
ments began.  b -Approx im ate  d a te  o f  f o l i a g e  emergence.  
c-Greenhouse f o r c i n g  began. d - F l o r a l  i n i t i a t i o n  had oc­
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F i g u r e  13* Comparison o f  t o t a l  d ry  w e ig h ts  o f  the  e n t i r e  p l a n t  w i t h  
those o f  the component p a r t s  ( r o o t s ,  bu lbs  and stems)  o f  
r e f r i g e r a t e d  G eo rg ia  l i l i e s ,  1963 - 6 *4. a - C o o l i n g  t r e a t ­
ments began. b -A p p ro x im ate  d a te  o f  f o l i a g e  emergence.  
c-Greenhouse f o r c i n g  began.  d - F l o r a l  i n i t i a t i o n  had oc­






















8 14 16 18 20 22 2k  266 10 120 2
Weeks
F ig u r e  \ k .  Comparison o f  t o t a l  d ry  w e ig h ts  o f  the  e n t i r e  p l a n t  w i t h  
those o f  the component p a r t s  ( r o o t s ,  bu lbs  and stems) o f  
n a t u r a l l y  co o led  Ace l i l i e s ,  1 9 6 2 -6 3 .  a - C o o l i n g  t re a tm e n ts  
began. b -A p p ro x im ate  d a te  o f  f o l i a g e  emergence.  c - G r e e n -  
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F ig u r e  15- Comparison o f  t o t a l  d ry  w e ig h ts  o f  the e n t i r e  p l a n t  w i t h  
those o f  the component p a r t s  ( r o o t s ,  bu lbs and stems) o f  
r e f r i g e r a t e d  Ace l i l i e s ,  1962-63*  a - C o o l i n g  t re a tm e n ts  
began. b -Approxim ate  date  o f  f o l i a g e  emergence. c -G r e e n -  
house f o r c i n g  began. d - F l o r a l  i n i t i a t i o n  had o c c u r re d .
SUMMARY AND CONCLUSIONS
Potted  l i l y  p l a n t s  o f  two v a r i e t i e s ,  Ace and G e o rg ia ,  were s u b je c te d  
to  two d i f f e r e n t  p r e c o o l i n g  t re a tm e n ts  f o r  the seasons o f  1962-63 and 
1963-6^ .  The t re a tm e n ts  were n a t u r a l l y  coo led (o u t s id e  w i t h  temporary  
p r o t e c t i o n )  and r e f r i g e r a t e d  a t  a p p ro x im a te ly  31 -33  degrees F a h r e n h e i t .
These t re a tm e n ts  f o r  the G eorg ia  v a r i e t y  began about  the f i r s t  week 
in September and ended the l a t t e r  p a r t  o f  December or  e a r l y  January .
Those f o r  the Ace v a r i e t y  began the l a t t e r  p a r t  o f  October or  e a r l y
November and ended in l a t e  December or  e a r l y  January .
N a t u r a l l y  coo led p la n t s  o f  the G eorg ia  v a r i e t y  produced a massive  
r o o t  system w i t h  a heavy r o s e t t e  o f  f o l i a g e  e a r l y  and p r i o r  to  f o r c i n g ,  
which was begun when the  t re a tm e n ts  ended.  The f i r s t  crop o f  Ace d id  
not produce a r o s e t t e  o f  f o l i a g e  u n t i l  about  the t ime f o r c i n g  was begun,  
but  ro o ts  had developed e x t e n s i v e l y .  The second crop o f  Ace (both  r e f r i g ­
e r a t e d  and n a t u r a l l y  c o o led )  grew i r r e g u l a r l y ;  the stems of  some never  
emerged from the b u lb s .  T h is  was a t t r i b u t e d  to  r o t  in the basal p l a t e .  
These da ta  a re  not inc luded  in t h i s  paper .
R e f r i g e r a t e d  p la n t s  o f  both v a r i e t i e s  d id  not  produce many roots
p r i o r  to  f l o r a l  i n i t i a t i o n  and n e i t h e r  were the stems, w i t h  f o l i a g e ,  
g r e a t  enough to  f u n c t i o n  e x t e n s i v e l y  in p h o to s y n th e s is .  Th is  poor d e v e l ­
opment o f  stems and ro o ts  accounted f o r  the  f a c t  t h a t  the  bulbs c o n t r i b u ­
ted  l a r g e l y  to  the dry  m a t t e r .  Bu lbs ,  stems and roo ts  c o n t r i b u t e d  e q u a l ­
l y  to  the dry m a t te r  o f  n a t u r a l l y  coo led p la n t s  a t  about  the t ime o f  f l o ­
r a l  i n i t i a t i o n  w i t h  the e x c e p t io n  o f  the v a r i e t y  Ace. Because o f  l a t e
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r o s e t t i n g  these n a t u r a l l y  coo led p l a n t s  re a c te d  more n e a r l y  l i k e  the r e ­
f r i g e r a t e d  ones.
As n a t u r a l  c o o l i n g  p ro g re s s e d ,  d ry  m a t t e r  o f  the  G eorg ia  v a r i e t y  de­
creased  u n t i l  a f t e r  f o l i a g e  emergence. I t  then increased  t o  a maximum 
l e v e l  a t  about  the t ime o f  f l o r a l  i n i t i a t i o n .  The dry  m a t t e r  o f  a l l  
r e f r i g e r a t e d  bulbs and the  n a t u r a l l y  coo led  Ace was s t a b l e  u n t i l  f o r c i n g  
was begun. At t h i s  t im e ,  the  dry  m a t t e r  in the n a t u r a l l y  coo led Ace 
bulbs began to  in c r e a s e ,  and t h i s  co u ld  be a t t r i b u t e d  to  the performed  
roo t  systems and s l i g h t l y  e lo n g a te d  stems w h ich ,  w i t h  f o l i a g e ,  soon be­
came f u n c t i o n a l  in p h o to s y n th e s is .  The dry  m a t t e r  decreased  in the  r e ­
f r i g e r a t e d  bu lbs  as soon as they  were p o t te d  and f o r c i n g  was begun.
The per  cen t  s o lu b le  s o l i d s  p a r a l l e l e d  dry  m a t t e r  changes o f  n a t ­
u r a l l y  co o le d  G eorg ia  l i l i e s  u n t i l  r o s e t t i n g  o f  f o l i a g e ,  a f t e r  which ,  
dry  m a t t e r  increased  w h i l e  the per  c e n t  s o l u b l e  s o l i d s  remained s t a b l e .  
T h is  con t in u ed  through f l o r a l  i n i t i a t i o n .
The per  c en t  s o lu b le  s o l i d s  In  a l l  Ace p l a n t s  and the r e f r i g e r a t e d  
G eo rg ia  p l a n t s  in creased  a f t e r  r e f r i g e r a t i o n  u n t i l  an app aren t  e q u i l i b ­
r ium was reached.  I t  remained s t a b l e  u n t i l  a f t e r  p o t t i n g  and f o r c i n g  
and then decreased in p r o p o r t i o n  to  d ry  m a t t e r .
F l o r a l  i n i t i a t i o n  and f l o w e r i n g  was about  t h r e e  t o  f o u r  weeks 
e a r l i e r  in n a t u r a l l y  coo led  G eorg ia  p l a n t s ,  but  t h e r e  was no d i f f e r e n c e  
between t re a tm e n ts  f o r  the  Ace v a r i e t y .
In a l l  cases ,  d ry  m a t t e r  was g r e a t e r  a t  about  the t im e  o f  f l o r a l  
i n i t i a t i o n  (co n s id e red  t o  be the  most c r u c i a l  t im e )  in  n a t u r a l l y  coo led  
p l a n t s .
I t  was concluded t h a t  increased  dry  m a t t e r  is  a s s o c ia te d  w i t h  
in c reased  bloom number and o t h e r  d e s i r a b l e  c h a r a c t e r i s t i c s  o n ly  when
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n a t u r a l l y  cooled p la n t s  a re  compared w i t h  r e f r i g e r a t e d  p la n t s  grown in  
the same env ironm en t .  No e x a c t  r e l a t i o n s h i p  e x i s t e d  w i t h  p la n t s  t r e a t e d  
in a s i m i l a r  manner but  grown in a d i f f e r e n t  e n v i ro n m e n t ,  f o r  example ,  
d i f f e r e n t  y e a r s .  N e i t h e r  d id  I t  e x i s t  when comparing v a r i e t i e s  g iven  the  
same t r e a t m e n t .  S p e c u la t io n  as to  t h i s  lack  o f  agreement inc lude:
1. V a r i a t i o n s  in t em p era tu re  o r  o t h e r  c l i m a t i c  f a c t o r s  t h a t  
i n f lu e n c e  bloom and l e a f  number but not  d ry  w e ig h t .
2 .  A lack  o f  d i r e c t  p r o p o r t i o n  between dry  w e ig h t  and bloom
number, one showing s i g n i f i c a n t  d i f f e r e n c e s  b e fo r e  a n o th e r .
3 .  D iu rn a l  f l u c t u a t i o n s  v a r y in g  y e a r l y  and c r e a t i n g  chemical  
i n h i b i t o r s  o f  f l o w e r i n g  but  not  a f f e c t i n g  dry  w e ig h t .
4 .  A s t a r c h  d i g e s t i o n  and t r a n s l o c a t i o n  problem e x i s t i n g  in 
p la n t e d  p recoo led  b u lb s ,  the l a t t e r  be ing  the p r i n c i p l e  
source o f  food used in f l o r a l  i n i t i a t i o n  and development.  
N a t u r a l l y  coo led p l a n t s  p o s s ib ly  depend e q u a l l y  upon food
from f u n c t i o n i n g  stems w i t h  f o l i a g e  and b u lb s .
5 .  P o s s ib le  g e n e t i c a l ,  p a t h o l o g i c a l  o r  s i m i l a r  f a c t o r s .
These d i s c r e p a n c ie s  and s p e c u la t io n s  i n d i c a t e  a need f o r  a d d i t i o n a l
s tudy and suggest p o s s ib le  avenues o f  approach.
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APPENDIX
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P la t e  I .  I l l u s t r a t i o n  o f  method o f  n a t u r a l  c o o l in g  l i l i e s .  C lo th  was 
p u l le d  over  frames a t  n i g h t  when tem peratures  below f r e e z i n g  
were expected .
P l a t e  M .  Ace l i l i e s  on l e f t  and Georg ia  l i l i e s  on r i g h t .  P la n ts  w i t h  
the  g r e a t e s t  f o l i a g e  were n a t u r a l l y  co o le d ,  the o th e rs  r e ­
f r i g e r a t e d .
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P l a t e  I I I .  S e r i e s  I l l u s t r a t i n g  g ro w th  o f  n a t u r a l l y  c o o le d  G e o rg ia  l i l i e s ,
1 9 6 2 - 6 3 ,  fro m  p l a n t i n g  (S e p t .  7)  up t o  f o l i a g e  e m erg en ce .
P h o to g rap h ed : A - S e p t .  2 1 .  B -O c t .  5 .  C -O c t .  19-  D -O c t .  2 6 .
P la te  IV. Ser ies  i l l u s t r a t i n g  growth o f  f t a t u r a l ly  cooled Georgia l i l i e s ,  
1962-63,  from f o l i a g e  emergence to f l o r a l  i n i t i a t i o n .  Pho­
tographed: A-Nov. 16. B-Nov. 23.  C-Jan. 4 (about the t ime
fo r c in g  began).  D-Jan. 2k ( f l o r a l  i n i t i a t i o n  was observed) .
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P la t e  V. Se r ies  i l l u s t r a t i n g  growth o f  r e f r i g e r a t e d  Georgia 11 l i e s ,  
1962-63,  from p la n t in g  (Jan. 7) to  f l o r a l  i n i t i a t i o n .  Pho­
tographed: A-Jan. 2*1. B-Feb. 7.  C-Feb. 15. D-Feb. 22 
( f l o r a l  i n i t i a t i o n  was observed) .
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P l a t e  V I .  S e r ie s  i l l u s t r a t i n g  growth o f  n a t u r a l l y  coo led Ace l i l i e s ,
1962 -63 ,  f rom p l a n t i n g  (Nov. 12) t o  f l o r a l  I n i t i a t i o n .  Pho­
tographed:  A-Dec.  13. B -Jan .  3 (about  the t ime f o r c i n g
began) .  C-Jan .  2k.  D-Feb.  15 ( f l o r a l  i n i t i a t i o n  was 
o b s e r v e d ) .
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P la t e  V I I .  S e r ie s  i l l u s t r a t i n g  growth o f  r e f r i g e r a t e d  Ace l i l i e s ,
1962-63,  from p la n t in g  (Jan.  7) to  f l o r a l  i n i t i a t i o n .  Pho 
tographed: A-Jan .  17. B-Jan.  2k.  C-Feb. I .  D-Feb. 15 
( f l o r a l  i n i t i a t i o n  was observed ) .
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P la t e  V I I I .  I l l u s t r a t i o n s  o f  the v a r i a t i o n  in growth observed in Ace 
l i l i e s  in 1963-64 caused by basal r o t .  A -T y p ic a l  stages  
of development noted in the crop p lanted  a t  the same time  
and t re a te d  i d e n t i c a l l y .  B-Stem emergence but  no ro o ts .  
C-Stem growth susta ined by stem ro o t in g  o n ly .  D-Arrow 
shows complete severence o f  stem from p l a t e ,  l a t e r  sus­
ta ined  by stem roots .
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P la t e  IX.  A-Stage o f  growth o f  l i l i e s  Feb. 1*+. L t o  R: Ace r e f r i g ­
e r a t e d ,  Ace n a t u r a l l y  coo led ,  Georgia  r e f r i g e r a t e d  and 
Georgia n a t u r a l l y  coo led .  B-Ace r e f r i g e r a t e d  (L)  and n a t u r a l l y  
cooled ( R ) . Note blooming a t  same t im e .  C-Georgia  n a t u r a l l y  
cooled (L) and r e f r i g e r a t e d  (R ) .  Note delayed bloom o f  l a t t e r .  
D-Georgia r e f r i g e r a t e d .  Note sparse f o l i a g e  and few blooms.
Pla te  X. Photomicrographs i l l u s t r a t i n g  sequence o f  development noted 
in s tudies  of  the l i l y  apex from veg e ta t ive  (A) to  advanced 
f lowers ( H ) . The morphological change of  the apex (B) was 
considered as evidence th a t  f l o r a l  i n i t i a t i o n  had occurred.
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P la t e  X I .  Photom icrographs  o f  apex o f  G e o rg ia  l i l i e s ,  n a t u r a l l y  c o o le d ,
1 9 6 2 -6 3 .  U p p e r ,  v e g e t a t i v e  on January  17. Low er, f l o r a l
i n i t i a t i o n  had o c c u rre d  by Jan u ary  2*4.
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P la t e  X I I .  Photom icrographs o f  apex o f  G e o rg ia  l i l i e s ,  r e f r i g e r a t e d ,
1 96 2 -6 3 - U pper, v e g e t a t i v e  on F e b ru a ry  19- Lower, f l o r a l
i n i t i a t i o n  had o c c u rre d  by F e b ru ary  2 2 .
P la t e  X I I I .  Photom icrographs o f  apex o f  G eo rg ia  l i l i e s ,  n a t u r a l l y  c o o le d ,
1 9 6 3 -6 4 . U pper, v e g e t a t iv e  on January  13. Lower, f l o r a l
i n i t i a t i o n  had o c cu rre d  by January  2CL
7**
P la t e  X I V .  Photom icrographs o f  apex o f  G eo rg ia  l i l i e s ,  r e f r i g e r a t e d ,
1963- 6**. U p p er, v e g e t a t i v e  F e b ru ary  10. Lower, f l o r a l
i n i t i a t i o n  had o c cu rre d  by F eb ru ary  17.
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P l a t e  XV.  Photom icrographs o f  apex o f  Ace I M i e s ,  n a t u r a l l y  c o o le d ,
1 9 6 2 -6 3 .  U pper, v e g e t a t i v e  on F e b ru a ry  1. Lower, f l o r a l
i n i t i a t i o n  had o c c u rre d  by F e b ru ary  15.
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P l a t e  XVI .  Photom icrographs o f  apex o f  Ace l i l i e s ,  r e f r i g e r a t e d ,  1962-
63 . U pper, v e g e t a t iv e  on F e b ru ary  1. Lower, f l o r a l  i n i t i ­
a t i o n  had o c c u rre d  by F e b ru a ry  15.
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